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LOST 0 the Country’s Highest Office 
Zachary Taylor, 12th President of the U.S.A. 


HEN in 1850, with scarcely half his term of office served, 
Zachary Taylor (famous Indian fighter, victorious invader of 
Mexico, successful candidate for his country's highest honor—12th 
President of the U.S.) succumbed to typhoid fever, one hundred 
people out of every hundred thousand met death from this pre- 
ventable water-borne disease every year! 


Today, with 85% of the nation's drinking water chlorinated, 
annual typhoid death rates approximate TWO in every hundred 
thousand and eighteen careful cities went through the whole of 
1933 WITHOUT A SINGLE DEATH FROM TYPHOID. 


Something more than mere coincidence must explain why seven- 
teen out of these eighteen cities depend on W&T Visible Vacuum 
Chlorinators for successful chlorination, at an average cost of less 
than a penny per person per year—and why close to seven thou- 
sand other American municipalities relying on W&T Chlorinators 
agree with us that “The Only Safe Water Is a Sterilized Water.” 


There is a W&T Chlorinator for every chlorinator purpose. 
Send us a description of your supply and we will, without ob- 
ligation on your part, select the one most suited to your needs. 


WALLACE & TIERNAN CO., Inc. 


Monufacturers of Chlorine and Ammonia Control Apparatus 
NEWARK, NEW JERSEY Branches in 


Principal Cities...Moin Factory, Belleville, N. J. 
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LIMITS OF POLLUTION LOADINGS FOR WATER d 
PURIFICATION SYSTEMS 

By. H. W. Streeter oil 


(Sanitary U. S. Public Health Service, 

Some three years ago, the complacency of many water works and 
public health officials over the remarkable decline which has oecurred 
in the prevalence of water-borne diseases in the United States since 
the beginning of the 20th century was somewhat rudely disturbed 
by a report by Wolman and Gorman on outbreaks of water-borne ty- 
phoid fever and dysentery in the decade of 1920-29. In this report, 
which listed 242 outbreaks of this kind in the United States and 40 
additional ones in Canada, it was shown that 54 percent of the total 
number of recorded cases of these two diseases, aggregating more than 
50,000, resulted from lapses in the efficiency of water purification. A 
most notable example of the consequences of a lapse in purification 
was the dysentery outbreak at Detroit in 1931, when at least 45,000 
or 50,000 cases of this disease occurred within a short period of time. 

This particular outbreak, as well as others dealt with by Wolman 
and Gorman, serve to emphasize the fact that even a modern and 
fully equipped water purification system is not, as is frequently sup- 
posed, a virtually impenetrable wall against the passage of contami- 
nated water, but rather may be likened to a series of barrier screens, 
the fineness of which depends upon the efficiency with which the plant 
is designed and operated. If such a plant becomes over-burdened, 
through an over-draft on its capacity or by excessive raw water pollu- 
tion, experience has shown that the chances of lapses in the safe qual- 
ity of the effluent are greatly increased. 
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This inherent source of weakness in all water purification processes 
was clearly recognized by the International Joint Commission of 
Canada and the United States some twenty years ago, when it em- 
ployed a board of consulting experts to formulate the first standard 
ever proposed for limiting the degree of pollution of raw waters 
taken for purification. The standard thus formulated, specified that 
the yearly average B. coli index of the international boundary waters 
from which purified water supplies were taken should not exceed 500 
per 100 cubic centimeters. Insofar as these waters are concerned, it 
still remains in force, at least by tacit agreement. 

Shortly after the promulgation of the International Joint Commis- 
sion’s raw water standard, the United States Public Health Service 
became interested in the same question in connection with its investi- 
gations of stream and lake pollution. About ten years ago, this Serv- 
ice of the Government undertook, under the present writer’s imme- 
diate direction, a systematic and fairly comprehensive observational 
study of the efficiency and limitations of municipal water purification 
systems, with a view to determining, by actual test, the limits of raw 
water pollution beyond which various combinations of water treat- 
ment in common use might fail, more or less consistently, to produce 
effluents meeting accepted standards of quality. The primary ob- 
jective of this inquiry was to establish, if possible, an empirical basis 
for judgment as to the safe limits of pollution for waterways used as 
sources of public water supplies. 

The details of this study and of the results obtained from it have 
been so fully described elsewhere, both in Government and other 
publications, that no attempt will be made to go into them here. It 
may be of interest, however, to note some of the more practical con- 
clusions reached from it, as bearing on the general problem of water 


pollution control in the various States. 


1) 
PERFORMANCE RECORDS 

From the combined performance records of 31 municipal water 
purification systems, together with the results obtained from a large- 
scale experimental filtration plant operated for a period of five years, 
a series of relationship curves were derived showing the quality of 
effluent produced by different combinations of water treatment with 
varying degrees of raw water pollution. If we were to take as our 
base line for effluents the limiting B. coli index prescribed by the 
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water standard in this respect (i.e. not exceeding 1.0 per 100 ce.), 
these relationship curves show that in order to produce an effluent 
meeting this requirement, the average modern, efficient filtration 
plant of the usual rapid-sand type, when aided by continuous post- 
chlorination of the filtered effluent, should have delivered to it a 
raw water having a B. coli index not exceeding 5000 per 100 ec. taken 
as a round number. 

When further aided by continuous prechlorination, such a plant 
would appear, however, to be able to deal successfully with a raw 
water having a B. coli index ranging as high as 20,000 per 100 cc., 
assuming the same standard of effluent quality. Certain other 
measures of reinforcement, such as prolonged sedimentation and pre- 
liminary storage, have likewise given evidence of permitting increases 
in raw water pollution roughly comparable in magnitude to that 
allowed by raw water prechlorination. 


An interesting result of the study was its indication of the much 
lower bacterial efficiency of simple chlorination alone, or of ordinary 
rapid-sand filtration without chlorination, as compared to the effi- 
ciency of these two processes combined. It thus was shown that 
neither process alone appears to be capable of delivering an effluent 
consistently meeting the Treasury Department standard from raw 
waters having a B. coli index exceeding 50 to 80 per 100 cc., repre- 
senting a lower degree of pollution than usually is found in most 
rivers and many lakes used as sources of public water supply in this 
country. 

If a single permissible limit of raw water pollution, applicable both 
to river and to lake sources of purified water supply, were to be de- 
rived from these observations, this limit would appear to be best 
represented by a raw-water B. coli index of about 5000 per 100 ce. as 
being based on the performance of the average efficient filtration 
plant of the more common type and degree of elaboration now in 
current use, and as indicating, moreover, about the upper margin of 
freedom from operating difficulties resulting from excessive raw water 
pollution. Although it has been shown that prechlorination, when 
added to ordinary filtration and postchlorination, will safely permit a 
higher degree of raw water pollution than that which is represented 
by a B. coli index of 5000, the best field of application for this added 
measure at present would appear to be as a reinforcement during 
periods of over-burden and as a factor of safety at other critical 
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If we assume that the maximum safe degree of raw water pollution, 

consistent with delivering purified effluent meeting the primary re- 
quirement of the Treasury Department B. coli standard, may be 
fairly indicated by a B. coli index of approximately 5000 per 100 ec., 
we then may consider whether this maximum could be interpreted 
as representing the safe upper limit of average raw water pollution, 
having regard for the wide variations in bacterial content both above 
and below the average which occur in all polluted natural bodies of 
water. In this connection, are also involved, (1) the extent and fre- 
quency of these variations in raw water pollution, and (2) the possible 
effect of a secondary requirement of the Treasury Department B. 
coli standard, which provides that the B. coli index of a drinking 
water should not exceed 6 per 100 cc. for more than 5 percent of the 
time. 

In connection with our surveys of municipal water purification 
systems, an analysis was made of the frequencies with which the B. 
coli content of each raw water, having a known average content dur- 
ing a particular year, exceeded different amounts on individual days 
during the same year. From these data a series of plots was made 
showing the relation between the yearly average B. coli index and 
the percentages of frequency with which different B. coli indices 
were exceeded. ‘These plots showed with rather striking consistency 
that the frequency in excess of the average, regardless of the latter’s 
magnitude, tended to fall within a range of 20 to 30 percent. For 
raw water averaging 5000 B. coli index per 100 cc., the frequency in 
excess of 20,000 was 10 to 15 percent. 

Assuming that the average efficient filtration plant, with prechlori- 
nation in reserve, could deal successfully at all times with a raw water 
B. coli index not exceeding 5000 per 100 cc. and also with an index up 
to 20,000 during more limited periods in which it exceeds 5,000, we 
then would be concerned only with the periods in which the raw 
water index exceeded 20,000, when the plant, even with supplemen- 
tary reinforcement, would be expected to deliver an effluent failing 
to meet the primary requirement of the Treasury Department 
standard. 

If we were to limit the average B. coli index of the raw water to an 
amount such that the index on individual days would not exceed 
20,000 for more than 5 percent of the time, we then could reasonably 
expect that lapses in the quality of effluent below the primary re- 
quirement of the Treasury Department standard would occur not 
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more than 5 percent of the time. As this would be permissible, with 
a liberal margin of safety, under the secondary requirement of the 
standard, the effluent then would conform to the standard as a whole 
if its average B. coli index for the entire period considered were less 
than 1.0 per 100 cc., as would be highly probeble under these 
conditions. 

From frequency plots such as those previously noted, it was indi- 
cated in connection with the Public Health Service study that for 
raw waters taken from the various river sources covered, this con- 
dition was in general met when the yearly average B. coli index of 
such waters was limited to about 3000 per 100 cc. For marginal 
waters of the Great Lakes, which are somewhat more highly variable 
in respect to B. coli content, it would appear necessary to scale down 
the yearly average B. coli index to somewhere between 1000 and 2000 
to meet the same condition, although a further analysis of more ex- 
tensive data might show that this limit could be safely raised to some 
extent. 

In discussing this question, attention has been confined to con- 
sidering the limiting conditions of raw water pollution necessary to 
the production of purified effluents meeting the B. coli requirement 
of the Treasury Department drinking water standard, because this 
particular requirement is the one most widely accepted throughout 
the country, as a criterion of safe drinking water quality. The stand- 
ard in question is, moreover, the only one in this respect which at 
present has any degree of legal standing in the various States. 

In addition to its specification as to limiting B. coli content, the 
Treasury Department drinking water standard imposes certain re- 
strictions as to total hardness and content of certain mineral salts 
and metals, such as common sodium chloride, lead, zinc, iron, caletum 
and magnesium, all of which must be considered in judging as to the 
suitability of a given source of purified water supplies. Although 
water treatment can modify to a considerable extent the raw water 
content of some of these substances, there is one in particular, so- 
dium chloride, which cannot be removed by any practicable large- 
scale method of purification. In some parts of the country, notably 
in the oil well regions, contamination of surface sources of water 
supply by briny waters originating in salt deposits is becoming a 
serious problem. 

Although not mentioned specifically in the Treasury Department 
standard, there are several taste-producing and possibly even toxic 
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substances which, if present even in small concentrations, may im- 
pose an almost intolerable burden on water purification systems, 
Among these substances, phenols, cresols and other tarry derivatives 
from gas and coke by-product manufacture are perhaps best known, 
They should be entirely excluded from all sources of purified water 
supplies. 

Sources of raw water containing products of decayed vegetation 
are in a similar category, as these products are often taste-producing 
and are removed, or minimized, with great difficulty. Raw waters 
derived from sources containing sewage sludge deposits may present 
a more serious problem, in that some of the products of septic action 
in these deposits, are known to be highly toxic and have been sus- 
pected of causing gastro-intestinal outbreaks among water consumers, 

Excessive growths of microscopic organisms also present a serious 
problem to water purification systems, not only because of the tastes 
and odors resulting from them, but also because of operating troubles 
which often follow their occurrence. Sources of water supply sub- 
ject to heavy growths of this kind must be considered as inferior, 
unless it is possible, through supplementary measures, to control 
them within reasonable limits. 

In view of the widespread and increasing pollution of sources of 
public water supplies throughout large sections of the country and 
also of the tendency toward more rigid standards of quality for these 
supplies as delivered to the consumer, the water works official finds 
himself more and more ‘‘on the horns of a dilemma”’ in respect to 
quality maintenance. With the growing sentiment for conservation 
of water resources, the importance of controlling pollution of water- 
ways from which public water supplies are taken will become in- 
creasingly recognized, although in some cases there is danger that 
this most vital question may be overlooked, or not fully appreciated, 
in the consideration given to other interests, such as navigation, 
flood control and water power. Of all of these various interests, 

conservation of public water supplies and of everything that pertains 
to their safety and palatability has the widest and most direct bear- 
ing on the health and welfare of our people. 

To carry out an effective and economical program of conservation 
in this respect will require much foresight and mutual codperation 

on the part of water works and public health officers as well as par- 
_ ticipation by industry and by local, State and possibly even National 
- governmental agencies. One of the early points of attack should be 
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the formulation of a definite, reasonably simple and as nearly uni- 
form as possible limiting of pollution for sources of public 
water supply. In the present paper, an effort has been made to sug 
gest, in part, a basis for formulating such a standard, with the va 
that it will stimulate discussion of this subject by members of this — 
Association and their coéperation in these matters with their State — 
and local public health authorities, who fully realize the importance _ 
of the problems which remain to be solved in this field. so 
(Presénted before the Wisconsin Section meeting, September 26, 1 984.) 
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| + hi REND OF PUBLIC UTILITY RATES AND FINANCING 

By H. Murpocu, Jr. 
(Uniontown Water Company, Washington, Pa.) 


tf Inless I am mistaken I expect today to suggest as a present day 
trend in rate making and financing a practice which the American 
Water Works Association has steadfastly condemned. 

First, let me set forth briefly my conception of the work of the 
Finance and Accounting Division of the American Water Works 
Association. This division is devoted to the study of the theory and 
practice of accounting and to the theory and practice of financing 
as applied to public water supplies with the purpose of hastening the 
day when each water department and water company will be soundly, 
conservatively, honestly and adequately financed and when its ree- 
ords will be so kept that the public, the owners, the consumers and 
the operators may easily know all relevant facts and figures so as to 
be able to determine whether or not they are being fairly treated. 

That sounds like a big assignment. It is and it demands the serv- 
ices of the leaders of the entire industry for its proper development. 
Unfortunately, the division is new, it has had no Bill Orchard to sell 
it to the membership, and so far the big men in the Association have 
not taken much interest. When the depression has brought out all 
the latent weaknesses in our municipal and utility corporation finane- 
ing and when the public is demanding lower rates and lower taxes 
and more and more service, the time has definitely come when the 
Association should see to it that some constructive thinking is done 
along the lines suggested. Today, this work is more important for a 
big manager than is the work of supervising details of operation. 
Properly trained technical men can do that work, but the general 
manager must give his personal attention to financing. 

Not much need be said about privately owned water plants in 
regard to the present trend of financing. The whole privately owned 
utility field has been so constantly in the press and in the legislatures 
in the last few years that little can be added. We know the abuses 
that have been brought to light, the crazy pyramiding of companies 
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and securities and the calamitous effects of those abuses. But there 
are one or two matters that should be pointed out. 

Most of the abuses were outside of our water company field. The 
very nature of the water business is such that it does not lend itself 
to large consolidations involving elimination of local plants and com- 

panies and consequently much of the opportunity and excuse for 
wild financing was absent. ‘There have been some indefensible hold- 
ing company setups and practices, but these have had only an in- 
direct and minor influence on the operating companies and on their 
relations with their consumers. So far as I know there have been 
no water operating company failures during the depression—service 
has gone on and in hundreds of cases rates have been reduced. The 
operating companies have proved themselves to have been soundly 


We should all be proud of their record. 


Such inter-company transactions as recent experience proved to be 
bad from an operating company standpoint have now been generally 
made unlawful. 
states now have jurisdiction over all inter-company contracts and 
over all financing. Such supervision is a modern trend and should 
have a strengthening effect on the financial structure of our companies 


The public service commissions of most of our 


and in that way will enable the companies to give better service to 


public. 


f At present not much confusion of thought prevails as to the pur- 
poses for which corporate securities can be issued. In the past I have 
heard it seriously argued that the owners of the common stock of a 
corporation could properly cause the corporation to mortgage its 
property and on that mortgage as security sell bonds to the publie 
and that it was no one’s business what became of the money realized 
from the sale of such bonds. Now money realized from sales of corpo- 
rate securities can only be used for building up the corporate plant, 
for working capital or for reimbursing the corporate treasury for 
earnings invested in fixed capital. In any case, the money goes into 
plant or working capital and total securities outstanding do not ex- 
ceed actual corporate needs. We have come to realize that the stock- 
holders own stock in a company, they do not own the assets of the 
company. Such assets can only be used for corporate purposes, not 
for the direct personal purposes of the stockholders. All that seems 
so simple that it need not be mentioned. Yet, the forgetting of that 
principle was one of the major causes of much of our corporate grief 
in the last five years. Fortunately, the poison did not affect our 
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operating water companies seriously and now the commissions, the 
investors and the corporate officers are on the alert. 

No matter what we may think of some of the provisions of the 
Federal Securities Act, we must recegnize that that Act indicates a 
trend in financing. The public and the investors demand that corpo- 
rate officers be responsible, at least morally, for security issues put 
out over their names as officers. The same groups demand that 
experts and attorneys signing certificates do so with the full realiza- 
tion that they are in positions of trust. The public is going to de- 
mand truth in financial advertisements and that its money be used 
to advance the interests of the corporation in the securities of which it 
invests. These are definite trends in financing and they are in the 
direction of better health. 


A few principles in regard to municipal utilities should be men- 
tioned which have not been considered very much and some ways are 
then presented in which those principles are affecting the financial 
and rate trends of our municipal plants. 

It seems to have been generally decided by the courts that the 
carrying on of public utility service is not a governmental function 
and that when a city or borough undertakes to supply and sell water 
service it is engaging in a private business. ‘There are some rather 
interesting and important consequences of that. principle. 

If the municipality is engaged in private business when it supplies 
water, then all the property and franchises of the water plant are the 
property of the municipality in its private proprietary capacity and 
that property cannot be taken without due process of law and with- 
out compensation. The state, the creator and master of all municipal 
corporations within, cannot take that property away and can only 
subject it to the same type of reasonable regulation as it applies to 
privately owned utilities. 

Municipal property owned and used by a municipality in its gov- 
ernmental capacity is held subject to the will and whim of the sover- 
eign state. Therefore, if you want to be sure that some Huey Long 
of a governor does not take charge of your plant, hold fast to the 
principle that you are engaged in a private business. 

But there are other consequences of the principle. 

Taxation is the means of raising sufficient funds to enable the 
governmental functions to be carried on. On principle, if not by 
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constitutional provision, the burdens of taxation must be equitably 
distributed. If A’s property and B’s property are taxed, while D’s 
property of the same kind and used for the same purpose is not taxed, 
then A and B are paying a tax on D’s property. If public utility 
property in X, Y and Z municipalities is taxed because that property 
belongs to private corporations, while public utility property in M, 
N and O municipalities is not taxed because it belongs to the munici- 
pality, although acting in its private proprietary capacity, then all 
the other municipalities and farms in the state are paying taxes which 
are being avoided by M, N and O. The money must be raised and 
if one of a class avoids payment the others in the class are penalized. 
If utility property belonging to a municipality is held by it as a pri- 
vate corporation why is it not subject to taxation? The decisions in 
the state liquor store taxation cases seem to be precedents for such 
taxation. The trend is in that direction. 

On the next point I fully expect to get into trouble because the 
trend I will indicate is contrary to the long held hopes and theories 
of the Association. It has been the theory of our operators that 
revenues from municipal plants should only be used for water plant 
purposes. Now I see a definite trend in the other direction. 

We have a taxpayers strike which is almost universal. No state 
or municipality is immune. The constitutional limitations on real 
estate taxes adopted by West Virginia and Ohio are merely local 
evidences of a national condition. One effect of this strike has been 
a tendency on the part of municipal financial officers to recognize the 
fact that the municipal water plant is a municipal asset in the private 
proprietary capacity of the municipality and that there is no legal 
reason why the revenues from that plant should not be increased 
enough to yield a profit which could be used to ease the general tax 
burden. The plan has been adopted in Lancaster, Pennsylvania and 
tested out and approved by the state supreme court. In the case of 


ruled that the city may use surplus water earnings for other municipal 
purposes, provided such transfer does not endanger interest and sink- 
See ing fund payments on water works bonds. The decisions indicate 
that rates must be reasonable on the same principles as in privately 
4 owned plants and that reasonable margins of safety must be main- 
tained over fixed charges. 

Another interesting trend which has become evident as the result 


| Carthage, Missouri, the attorney general of the state has recently 
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several cases for another reason. Some municipalities have suddenly 
discovered, when taxes could not be collected in the old volume, that 
their water plants were being supported largely by taxes and not by 
water revenues. The result has been an attempt to increase those 
revenues in order to support the plant. This trend is definite and 
will probably continue. 

In view of the strike and in recognition of the present trends what 
should our Association recommend? All that I want to suggest to 
you today is that you make a thorough, honest study of the entire 
situation. Our division can help by advocating that all municipal 
records be compiled and kept hereafter in such a way that taxpayers 
and consumers may know their respective rights. Their interests 
are often antagonistic. We can also help by advocating full publicity 
for all relevant facts regarding the financial history and present 
financial condition of the municipal plants so that those paying the 
bills or advancing the cash for extensions may know what is being 
done. We can help by advocating that future financing be based on 
the maintenance of adequate reserves and margins of safety of reve- 
nue over fixed charges. 

I have tried to present some problems and show some trends. 
There is room for constructive thought in both the private and mu- 
nicipal fields and I hope that we will be allowed to work out our 
problems in a spirit of mutual helpfulness and that we will not be 
forced into a senseless argument about the respective merits of the 
two types of ownership. 

(Presented before the Central States Section meeting, August 22, 
1934.) 
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REPORT OF THE COMMITTEE ON WATER WORKS | 
_ PRACTICE FOR THE PERIOD FROM JANUARY 1, 
alt muti he 1931, TO JULY l, 1934 tens 


Meetings of the committee were held eee 22, 1931, at _ 


York; May 25, 1931, at Pittsburgh; May 2, 1932, at Memphis; June 
12 and 13, 1933, at Chicago; and June 5 and 6, 1934, at New York. qr 


COMMITTEES ON THE MANUAL OF WATER WORKS PRACTICE ii 


Committee 1, Basic Data, C. A. Holmquist, Chairman. 

In April, 1931, Mr. Holmquist presented a report showing which 
of the forty-eight states issue pamphlets containing statistics of the 
water systems in the state. He found that less than half of the states 
issue such pamphlets and that among these there is such variation in 
method employed that he found it inadvisable to try to make use of 
these pamphlets in the preparation of text for Basic Data especially 
in view of the fact that the available pamphlets fell far short of cover- 
ing the whole country. 

At the request of Chairman Holmquist this committee was dis- 
charged. 

Committee 2, Surface Water Allocation. No chairman appointed. 

_ The Committee on Water Works Practice during 1931 followed the 
two cases involving interstate waters which were carried to the Su- 
preme Court of the United States, that of Massachusetts and Con- 
necticut in regard to tributaries of the Connecticut River and of New 
York, New Jersey and Pennsylvania in regard to tributaries of the 
Delaware River. Papers on these two cases were published by the 
New England Water Works Association and reprints of these were 
obtained for the office of the Association for use by our committees 
and for future reference. 

Committee 3, Surface Water Collection, W. E. Fuller, Chairman. 

The office of the Association sent to the members of this committee 
reprints of the two articles on interstate waters mentioned above for 
study by this committee. 

An examination of certain streams in the east and south clearly 


indicated that the dry period aia ended in he year 1931. | At a = 
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conference with the Chairman of the Committee on Water Works 
Practice, Mr. Malcolm Pirnie, it was decided that to make a final 
report without the full data would be an error in judgment, and that 
the report should be delayed until full information as to 1932 was 
available. 

Plottings of mass curves for some of the longer records of streams 
in the east have been prepared and will be completed when the 1932 
data are obtained. The object of this study is to ascertain if the 
results of Mr. Allen Hazen’s paper on “Storage in Impounding Reser- 
voirs”’ will in any way be altered by this extreme dry period. Studies 
have also been made on ‘‘Flood Flows” which will be included in the 
final report. Other studies have been made of incidental matters 
connected with storage and floods. 

Committee 4, Ground Water Collection, D. W. Mead, Chairman. 
Prof. Mead in 1931 submitted a tentative outline of his monograph 
on this topic, but pressure of work has interfered with its preparation. 

Committee 5, Quality and Treatment, Paul Hansen, Chairman. 

In June, 1934, the chairman reported text finished on this topic 
and his recommendation was approved that he do further editing to 
this report to make it ready for publication a year later. 

Committee 6, Power and Pumping, F. G. Cunningham, Chairman. 

Considerable work has been done preparing text on this topic and 
some sections are in almost final form. At this time the committee 
faces the task of preparing a considerable amount of statistical matter 
which is to accompany the text. 

Committee 7, Transmission and Distribution, G. Gale Dixon, Chair- 
man. 

This committee is carrying on its work through thirteen sub-com- 
mittees of which seven are organized and working. 

Sub-Committee 7-A, Steel Plate Pipe for Water Supply, F. A. Bar- 
bour, Chairman. 

The program proposed by this sub-committee would include in- 
vestigation of the condition and capacity of existing lines, in relation 
to age, quality of metal and coating, character of water, etc., which 
investigation would necessarily involve a greater outlay than could 
be financed without the support of the manufacturers. 

Meetings were held in New York on January 22, 1931, and in 
Pittsburgh on May 26, 1931, in each case attended by several mem- 
bers of the sub-committee and a number of representatives of steel 
pipe manufacturing companies. At both meetings there was dis- 
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orks cussion of the question of financial aid to the sub-committee’s program 
inal from the manufacturers. At the meeting in May, as industrial condi- 
hat tions were continuing to be unsatisfactory, it was voted to postpone 
was for a year the financial part of the sub-committee’s program. Since 
then the situation has remained unchanged. 10D noit 
Sub-Committee 7-B, Reinforced Concrete Pipe. 
939 No appointments made. rol Of 
the Sub-Committee 7-C, Cast Iron Pipe. 
=~ No appointments are to be made at present in view of standing 
lids arrangements for codperation with A-21, the Sectional Committee 
the (under the American Standards Association) on Specifications for 
ers Cast Iron Pipe and Special Castings. 
Sub-Committee 7-D, Laying Cast Iron Pipe, E. G. Bradbury, Chair- 
man. 
ph A questionnaire covering the various features of laying cast iron 
on. pipe was sent by this sub-committee to a selected list of 104 water 
works superintendents and engineers and 10 consulting engineers. 
Dic 48 replies were received, tabulated by the chairman and copies dis- 
to tributed to the sub-committee members for study and criticism. 
Based upon the returns, a preliminary draft was prepared of a stand- 
) ard specification for laying cast iron water pipe. After a further 
nd period of comments from the sub-committee members, a second draft 
oe of the specifications and a preliminary report on the subject were 
er prepared and distributed. After further extensive correspondence a 
specification and an accompanying monograph, representing the com- 
ine bined judgment of the sub-committee, were forwarded in June, 1933, 
to Chairman Dixon of Committee 7. The monograph contained a 
i general discussion of the more important requirements for laying pipe, 
reference to different types of joints, brief discussion of testing, a table 
r- of labor costs for estimating purposes, based on labor at $1.00 per 
hour and a condensed summary of the replies received to the ques- 
1 tionnaire issued by the sub-committee. 
n Sub-Committee 7-E, Valves, Sluice Gates and Fire Hydrants, W. R. 
h Conard, Chairman. 
id In 1931 the sub-committee prepared revised drafts of its tentative 
specifications for gate valves. At the Association Convention that 
n year at Pittsburgh papers and discussions were presented on operat- 
a ing experience with gate valves, with the aim of aiding the work of 


0] this sub-committee, and at the meeting in the autumn of 1931, of the 
Central States Section, A. W. W. A., discussion was presented on the 
draft of the specification. 
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Tentative specifications for gate valves were completed and trans- 
mitted in April, 1932, to Chairman Dixon of Committee 7. 

A draft of proposed specifications for fire hydrants was submitted 
to Chairman Dixon of Committee 7 for consideration at the Associa- 
tion Convention at Chicago in 1933. As this was a first draft and 
comments from outside the sub-committee were not yet in hand, there 
was no recommendation for action to Committee 7. 

The sub-committee has deferred preparation of specifications for 
sluice gates until action is taken on valves and on hydrants. The 
sub-committee feels that a standard for sluice gates may have to be 
general in character, as local conditions control to a greater degree 
than for valves or hydrants. 

Sub-Committee 7-F, Service Connections and Meters, J. E. Gibson, 
Chairman. 

The sub-committee held meetings in New York on January 22, 
1931, and at Pittsburgh on May 25, 1931. At the May meeting the 
sub-committee’s tentative draft of a specification for water works 
brass goods for underground service was discussed and revised. 

At the Pittsburgh Convention of the Association Mr. Gibson pre- 
sented a paper on the replies, 255 in number, received to his sub- 
committee’s questionnaire on service pipes and meters. 

Sub-Committee 7-G, Location Records and Maintenance of Mains and 
Services, A. 8. Hibbs, Chairman. 

No other appointments made. 

Sub-Committee 7-H, Steel Standpipes and Elevated Tanks, L. R. 
Howson, Chairman. 

The tentative specification for steel standpipes and elevated tanks 
prepared by this sub-committee in 1930 received written criticism 
from a number of members of the Association, operating men and 
manufacturers, and the specification was thereupon revised by the 
sub-committee and submitted to the Committee on Water Works 
Practice. Following approval of the latter committee the tentative 
specification was printed in the December, 1931, Journal of the Asso- 
ciation, with request for further criticism. In the tentative specifica- 
tion is incorporated, by permission of the New England Water Works 
Association, the specification for painting standpipes adopted by that 
Association in 1930. 

Suggestions were received from Association members, as requested 
by the sub-committee, and resulting therefrom the standard was 
revised and again submitted by the sub-committee in June, 1934, to 

a Chairman Dixon of Committee 7. 
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Sub-Committee 7-J, Distribution Reservoirs. No chairman ap- 
pointed. 

Sub-Committee 7-K, Water Consumption. No chairman appointed. 

Sub-Committee 7-L, Fire Prevention and Protection. No chairman 
appointed. 

Sub-Committee 7-M, Hydraulics of Distribution System. No chair- 
man appointed. 

Sub-Committee 7-T, Transite Pipe. A new sub-committee auth- 
orized in June, 1934. 

Committee 8, Cross Connections, KE. Sherman Chase, Chairman. 

In 1931 a progress report was issued and later a final report of forty- 
eight pages which was published in the Journal of March, 1933. In 
June, 1934, a supplementary report was also issued covering informa- 
tion acquired later. This report appears in the Journal of December, 
1934. 

Committee 9, Relations to Consumers and Public, Howard 8. Morse, 
Chairman. 

The committee prepared a rating scale for factors contributing 
to satisfactory public relations of a water utility and this was pre- 
sented by Mr. Morse in 1931 and discussed by members at the meet- 
ing of the Indiana Section and at the annual convention at Pittsburgh 
that year. 

Committee 10, Valuation, Rate Making and Taxation. No chair- 
man appointed. 

Committee 11, Office Management, Records and Accounting, D. C. 

No other appointments made. div Ganda 

Committee 12, Legal. No chairman appointed. — 


ad 


OTHER TECHNICAL COMMITTEES 


Electrolysis and Electrical Interference, Nicholas 8. Hill, Jr., Chas. 
F. Meyerherm and Edward E. Minor. 

Grounding of electrical systems to water pipes has been the topic 
of main concern to this committee. Throughout the period Mr. 
Meyerherm attended meetings of and kept in close touch with 
Grounding (Article 9) Sub-Committee and with the Special Sub-Com- 
mittee on the Use of Bare Neutrals for Interior Wiring Systems. 
These sub-committees are under the Electrical Code Committee of 
the National Fire Protection Association and the N. F. P. A. is in 
turn the sponsor body for C-1, the Sectional Committee (under the 
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American Association) on Electric Wir ing Apparatus in 
Relation to Fire Hazard, Regulations For. 

There was little activity in 1931 but the following year changes in 
Article 9 on Grounding were adopted. In his report for 1932, Mr. 
Meyerherm said: 


In connection with the present revision of Article 9, I might say that the 
_ changes made therein do not directly affect the water works phase of the 
4 problem. The Grounding rules did and still do specify that there shall be no 
objectionable current flow over the ground connections under normal con- 
c ditions, and if this requirement was met in practice, many of the water works 
4 objections to ground connections would be eliminated. 
It therefore seems to me that the Code as it stands meets the water works 
4 requirement reasonably well, but that the proper enforcement of this Code is 
_ a matter which the water works operators would do well to watch and stress. 
- T also believe that some system of accumulating data on actual water works 
Pm with ground connections and stray currents should be set up as 
as possible. 


The controversy over bare neutrals for interior wiring systems con- 
tinued throughout the period, the proposition being favored by some 
_ interests and opposed by a number of organizations, the latter includ- 
ing the American Society of Sanitary Engineering and the National 

_ Association of Master Plumbers. 
- Committee on Water Works Betterments, Harrison P. Eddy, Chair- 


¥ 


a Members. G. W. Booth, W. W. Brush, G. W. Fuller, N. 8. Hill, 
_ Jr., M. R. Maltbie, R. C. Marshall, C. W. Mowry, R. J. Newsom, 
__H. P. Oram, Malcolm Pirnie, A. H. Pratt, D. H. Sawyer, and M. R. 
~ Sherreed. 
On December 23, 1931, Mr. Malcolm Pirnie, Chairman of the 
7 Committee on Water Works Practice appointed a Committee on 
Water Works Betterments in conjunction with Federal aid, with 
. _ Mr. Harrison P. Eddy, Chairman. The committee held a meeting 
a _ in New York on December 30, organized for action and adopted a 
program of work toward getting water works betterments initiated 
by means of Federal aid. 
Activity was unremitting throughout 1932 and the first half of 
1933, to stimulate the launching of water works projects and the 
passage of legislation to that end, state and national. This was 
done by means of circular letters, articles in periodicals, speeches 
and interviews, involving numerous visits to Washington and some 
state capitals and a great sacrifice of personal time and money: 
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This committee was succeeded by the National Recovery Com- 
mittee for Water Works Construction, created in June, 1933. 

National Recovery Committee for Water Works Construction, Mal- 
colm Pirnie, Chairman, Frank F. Longley, Vice-Chairman, P. 8. Wil- 
son, Executive Secretary and H. C. Delzell, National Field Represen- 
tative. 

Active Members. George W. Booth, H. C. Delzell, C. A. Emerson, 
Jr., Edward T. Fishwick, Frank F. Longley, William J. Orchard, 
Maleolm Pirnie and P. S. Wilson. 

Advisory Members. Frank A. Barbour, Charles B. Burdick, George 
W. Fuller, Samuel B. Morris, Denis F. O’Brien, George W. Pracy and 
H. F. Wiedeman. 

The National Recovery Committee for Water Works Construction 
was appointed by Mr. Malcolm Pirnie, as Chairman of the Committee 
on Water Works Practice, during the Chicago Convention, June 12 to 
16, 1933. His action was confirmed by the Board of Directors. 
This committee was intended to carry on the work of the previous 
committee known as the Committee on Water Works Betterments 
and to take action particularly in connection with the National In- 
dustrial Recovery Act to assist the water works industry in taking 
advantage of the provisions of that Act to secure the financing of 
needed extensions and improvements of water works facilities 
throughout the country. 

The National Industrial Recovery Act, with its appropriation of 
3.3 billion dollars for the financing of publie works construction, was 
passed on June 16, 1933, during the Association’s convention. The 
committee made very strenuous efforts to organize rapidly in order 
to insure the success of its aims by bringing the available water works 
projects forward promptly so that they would receive at least their 
share of the funds which it was expected would be rapidly allocated. 
An Executive Secretary, Mr. P. 8. Wilson, was employed and head- 
quarters were established in the Association’s general office in New 
York. Several meetings of the active members were held within the 
first few days and an organization of Local Section Recovery Com- 
mittees with an immediate program of action was effected. 

In anticipation of the committee’s organization Mr. Pirnie had 
made arrangements so that almost all of the Local Section Secretaries 
had already commenced the discovery and listing of water works. 
projects before the convention and they had brought their partial 
listings to the organization meetings in Chicago. They were now in- 
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structed as to the intensive extension of this work through the organ- 
ization of Recovery Committees in each one of their Local Section 
areas. The method of organizing these local committees and their 
procedure in carrying on the work was outlined in detail and put into 
immediate effect in most Sections. The effort was made to decen- 
_ tralize the work of the committees and to distribute the work as much 
as possible so as to lighten the individual burdens, and also so as to 
cover the entire country geographically as thoroughly as possible 
-_ without incurring undue expense to the committee or to individuals. 
The efforts of the New England Water Works Association, the 
Virginia Water and Sewage Works Association and the Southwest 
_ Water Works Association were enlisted to establish similar organiza- 
tions in their respective territories which were not so thoroughly 
covered by our Association’s Local Sections. The states of North 
Dakota and Nevada were assigned to the Minnesota and California 
Sections respectively in order to cover all sections of the country. 
The membership of each Local Section Recovery Committee was, 
in general, made up of a centrally located ‘“‘Executive Committee” 
and of so-called “Project Committeemen.’’ The active work was 
carried on by the latter with the Executive Committee as a coérdinat- 
ing agency and to keep contact with the National Committee. 
Membership of the Project Committees was not limited to members 
of the Association but men were chosen and invited to help in the 
work with regard only to their ability and being in a position to help. 
A total Local Section Committee membership of about 600 was 
: established at once, with about two thirds of the membership con- 
sisting of members of the Association. 
It was decided at once in the formulation of the plans to offer sup- 


zi _ port to the development of sewerage works projects equally with the 
promotion of water works projects. This policy was followed 
: throughout and proved beneficial in securing the effective support 
| of many agencies which were interested equally in both types of 
works. 
a A very helpful agency in the work was the extremely active and 


effective assistance and coéperation which was placed at the com- 

- _ mittee’s disposal by the Portland Cement Association. Through Mr. 

_ H.C. Delzell of the National Committee and Mr. EK. M. Fleming of 

oe - the P.C. A. Chicago office there were immediately designated about 
, 4 50 men of the P.C.A.’s permanent field force to assist actively in the 
oan _ work, including the donation of their time and expenses so used. 
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These men were placed on the Local Section Committees, with suit- 
able introduction, and their activity was a tremendous factor in the 
effectiveness of the work. 

The above outline covers the work as it was undertaken in the first 
few weeks of the committee’s activity. It was thought at that time 
that the Federal funds would be immediately allocated, and every 
effort was made to have ready water works and sewerage projects in 
ample numbers to absorb the funds. The Public Works Administra- 
tion, organized in 1933 as a Federal agency under Title II of the Act, 
did not so function. It was late summer and fall before the alloca- 
tion of funds to non-Federal projects began in appreciable number 
oramount. In the meantime a tremendous and unexpected propor- 
tion of the money had been allocated to Federal projects. When the 
non-Federal allocation did start coming out water works and sew- 
erage projects received their share, but the dribble which made up 
the actual figures was disappointing, to say the least, and it became 
increasingly evident that the accomplishments which had been hoped 
for were not materializing. In addition to this the delays in getting 

- actual construction under way on the allocated projects became more 
ee and more disappointing. As a result of these conditions the work 
of the National Committee resolved itself by winter into efforts to 
maintain the enthusiasm of the Local Committees. Much discussion 
| ae was had as to the possibility of influencing the Federal agencies to 
correct the disappointing conditions but the efforts which were 

_ started in this direction were ineffective and fruitless due largely to 

the strength of the Federal Administration in Washington in main- 

taining its policies free from outside influence. 

Finally when Congress convened in January, 1934, the committee 
had largely relinquished the hope of securing its aims under the then 
existing conditions and work was commenced on securing additional 
legislation, not only to appropriate funds for an extension of the 
+ _ public works program, but also to accomplish the correction so far as 
possible of the policies which had tended to prevent the full accom- 
of the committee’s aims. 

Was" A new and intensive drive was started for the tabulation of a list 

of water works and sewerage projects which would justify the appro- 

priation of the additional funds. The support of members of Con- 
gress, notably Senators Wagner and LaFollette, was obtained in the 
drafting and introduction of suitable bills, in Congress. 

= In February, 1934, the committee completed the tabulation of a 
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detailed list of projects by states. The summary of this tabulation 
had been presented to the Congressional Committee and the PWA 
officials and the details were presented at their direct invitation. In 
its completed form it included a total of 4,771 projects with a total 
cost of $1,020,000,000 which were ready to go ahead if favorable 
means of financing were made available. This tabulation was made 
up from information from all available sources gathered and sent in 
for the most part by the Local Section Committeemen. In this 
work the assistance of the various State Sanitary Engineers was out- 
standing. 
This tabulation was presented to the Congressional Committee and 
_ to the Public Works Administration officials and aroused very favor- 
able comment. Efforts in support of the favored legislation, particu- 
larly the LaFollette bill, continued, but finally Congress adjourned in 
June, 1934, without the passage of the desired legislation. 
Partly as a result of our National Recovery Committee’s activity 
_ a rather extensive support was organized by the various agencies of 
the construction industry as a whole for the public works legislation. 
This support not only resulted in the presentation of much strong 
testimony in its favor, but it also led to a desire for a continuation of 
_ the work under some agency which could both represent the entire 
industry and draw the support of all branches of the construction 
- industry. The Construction League of the United States was chosen 
for this purpose and with the plan in mind of coérdinating the efforts 
_ of the water works industry with the many other branches of the con- 
- struction industry which are interested in public works legislation a 
: a. proposal was initiated and approved by the Board of Directors of the 
A.W.W.A. to join the Construction League. This was done in June, 
1934, and with that step the activity of the Association’s National 
_ _Reeovery Committee for Water Works Construction was suspended. 
_ Under the conditions as they had developed it appeared to be unwise 
to push the work further at the time and it is expected that when 
activity is resumed the Association’s interests will be carried forward 
jointly with those of the entire construction industry by a new com- 
5 _ mittee which has been formed by the Construction League of the 
_ United States and on which the American Water Works Association 
_ isrepresented by Mr. Pirnie as chairman of its Construction Recovery 
Committee. 
Committee on Code for the Water Supply Industry, Wm. W. Brush, 
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Wm. G. Bank, Franklin Henshaw, Wm. W. Hurlbut, Andrew B. 
Mauzy and Seth M. Van Loan. 

In response to a request from the National Recovery Administra- 
tion’ at Washington to certain representatives among the large pri- 
vately owned water companies for submission of a draft for a code for 
the water supply industry certain of these representatives formed 
for the purpose the Institute of Water Supply Utilities, Ine., with 
Mr. Allan W. Cuddeback of the Federal Water Service Corporation 
as President of this Institute. The Institute prepared and submitted 
a code and a public hearing was called in February, 1934. During 
that month Mr. Malcolm Pirnie, President of the A.W.W.A., ap- 
pointed the A.W.W.A. Committee on Water Supply Industry Code 
with Mr. Wm. W. Brush as chairman. This committee was ap- 
pointed “to discuss the relationship of municipally owned water utili- 
ties to the proposed Code of Fair Competition for the Water Supply 
Industry’’, which was so drawn as to make it permissive for publicly 
owned water supply utilities to sign the code. 

The committee met several times with representatives of the In- 
stitute of Water Supply Utilities, Inc. and made rather widespread 
inquiry for opinions as to the desirability and feasibility of a code for 
the water supply industry, among superintendents of publicly owned 
water systems who are members of the American Water Works Asso- 
ciation. Replies to these letters were few and rather evenly divided 

| , between those who regarded such a code favorably and those who 
t quite strongly opposed any code, especially for publicly owned water 
"systems. 

_ At the opening of the New York convention in 1934 a large meet- 
ing was held on the topic of the code and sentiment was unanimous 
_ in opposition to any code for the water supply industry. 


JOINT COMMITTEES WITH OTHER ORGANIZATIONS 


ies Joint Editorial Committee with American Public Health Association 
. _ on Standard Methods for the Examination of Water and Sewage. 

. a4 Members from A.W.W.A., Harry E. Jordan, Chairman, Welling- 

~ ton Donaldson and Wm. D. Hatfield. 

r. Members from A.P.H.A. Arthur M. Buswell, John F. Norton and 
Sheppard T. Powell. 

--' The text of “Standard Methods for the Examination of Water 
and Sewage” has grown from the report of a Committee on Bacteri- 
- ological Methods in the Laboratory Section of the American Public 
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Health Association. From this report, issued in 1898, have developed 
the successive editions of the text: the first in 1905, the second in 
1912, the third in 1917, the fourth in 1920, the fifth in 1923, the sixth 
in 1925, and the seventh on March 17, 1933. 
Prior to 1925, while the interest of the American Water Works 
Association was manifested by the fact that many of those active in 
revision work were members of the Association, the book was issued 
by the American Public Health Association. The sixth edition of 
1925 was issued under the terms of a joint agreement between the 
two Associations negotiated by George W. Fuller, dated May, 1925. 
This agreement assigned the responsibility for the editorial work to 
committees representing each Association. It is important to note 
that while the terms of the agreement gave the committees thus ap- 
pointed power to organize as a joint committee, no such joint organi- 
zation was effected until 1932. The sixth edition was practically 
complete at the time that the 1925 agreement was effected and it was 
issued a few months later. 
Between 1925 and 1932, the work of revision in the A.P.H.A. was 
carried forward under the direction of Dr. John F. Norton (Secretary 
of the Committee on Standard Methods) with the assistance of cer- 
tain referees. In the A.W.W.A., Committee 1 on Standard Methods 
of Water Analysis, under the chairmanship of Jack J. Hinman, Jr., 
carried on a considerable volume of research work. The feeling 
arose, however, that, while a great deal of study and discussion was 
being carried on, the project was suffering from too great diffusion 
of organization. Certain suggestions looking toward a more compact 
organization were discussed at the Montreal meeting of the A.P.H.A. 
in 1931. Action leading to the appointment of a “Joint Editorial 
Committee”? was taken by Mr. Wolman as Chairman of the Com- 
mittee on Research and Standards of the A.P.H.A. and Mr. Pirnie as 
Chairman of the Committee on Water Works Practice of the 

_A.W.W.A. The Board of Directors of the A.W.W.A. approved the 
plan on January 19, 1932, and the Executive Board of the A.P.H.A. 
approved it on February 8, 1932. Mr. Wolman, for the A.P.H.A., 
appointed Messrs. Buswell, Norton and Wachter, and Mr. Pirnie for 
the A.W.W.A., appointed Messrs. Donaldson, Hansen and Jordan. 
Each person appointed happens to be a member of both Associations. 
Membership is held by various persons in the group in the American 

- Chemical Society, Society of American Bacteriologists and Federation 
of Sewage Works Associations, as well as other organizations less 
concerned with water examination. 
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Organization was effected during the Memphis meeting of the 
A.W.W.A., with H. E. Jordan as Chairman of the Joint Editorial 
Committee. 

In 1931, following certain negotiations with Mr. Buffum of. the 
Chemical Foundation, Mr. Wolman obtained an agreement to under- 
write the expense of setting up the proposed revision material in type 
as well as the expense of the first printing of the text when issued. 

There were available as early as May, 1931, therefore, printed 
galleys of the text. 

Aggressive action looking to closing the edition did not ensue until 
the joint committee organized. Material progress was made by the 
full committee in session at Memphis. At that time a decision was 
reached to add to the text a digest of methods not yet sufficiently 
established to warrant their inclusion in the “standard” text, but 
well enough founded to indicate that later revisions would probably 
include them. The preparation of this section was undertaken by 
Mr. Jordan. 

The committee having reached substantial agreement on the ma- 
terial, official copies of the complete text were forwarded to Mr. Pirnie 
on October 10, 1932. It was transmitted by him to the Secretary of 
the A.W.W.A. who obtained the approval of the Executive Com- 
mittee on October 29. An official record of this action was trans- 
mitted to the A.P.H.A. office on November 1, 1932. 

During the same week, approval of the text was given by the Com- 

mittee on Standard Methods of the Laboratory Section, the Com- 
mittee on Research and Standards and the general Executive 
Committee of the A.P.H.A. The complete text was set up in final 
galley by the printer and distributed on December 10, 1932, to the 
members of the Joint Editorial Committee for proof reading. 
- Revision and preparation of the text is a joint activity of the two 
Associations but publication and sale remain within the control of 
the A.P.H.A., and the net proceeds are to be divided equally between 
the two Associations. Ninety-eight hundred copies of the sixth edi- 
tion were sold. The sale of the seventh edition should range from 
5000 to 7500, depending upon the interval elapsing before the eighth 
edition appears. Standard Methods for the Examination of Water 
and Sewage is a “‘self-liquidating” project. 

The committee is already taking stock of the field as related to the 
date of issue and content of the eighth edition. It will recommend 
that the Methods of Analysis of Boiler Waters, now being developed 
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by the Association’s Committee on ‘Boiler Feed Water Studies,” be 

included in the text. It would appear that this material will be 

ready for a standard text by 1935. It appears that the Federation of 

Sewage Works Associations will be able to make a substantial con- 

tribution to the portion of the text devoted to sewage examination. 

The American Chemical Society has since 1911 maintained a com- 
mittee to codperate in the preparation of Standard Methods. The 
Great Lakes and Ohio Valley State Sanitary Engineers now have com- 
mittees engaged in a standardization of their laboratory procedure 
which undoubtedly will produce revision material for the text. 

In another category, the American Railway Engineering Associa- 
tion, the American Gas Association and the American Society for 
Testing Materials have committees at work on water examination 
methods unrelated to the project of this Association. Efforts have 
been made to establish an understanding of mutuality of interest. 
These efforts will continue. 

In the American Water Works Association, with the approval of 
the Committee on Water Works Practice, the Editorial Committee 
is working in complete harmony with the Water Purification Divi- 
sion in the production of revision material for future editions. 

It is with deep regret, that the death is recorded of Mr. L. M. 
Wachter on January 30, 1933. Mr. Wachter was one of the represent- 
atives of the A.P.H.A. on the Editorial Committee. He has for 
many years been an active participant in activities relating to labora- 
tory technic. His counsel and codperation will be missed. The 
vacancy has been filled by the appointment of Mr. Sheppard T. 
Powell. 

Mr. Hansen has been excused from duty and Mr. W. D. Hatfield 
added to the committee. This change was made in order to bring 
into the committee the chairman of the Methods of Analysis Com- 
mittee of the Federation of Sewage Works Association. 

Boiler Feedwater Studies Committee. 

Sponsors. American Boiler Manufacturers Association, American 
Railway Engineering Association, American Society of Mechanical 
Engineers, American Society for Testing Materials, American Water 
Works Association and Edison Electric Institute. 

A.W.W.A.Committee. Sheppard T. Powell, Chairman. Edward 
Bartow, Wellington Donaldson, C. R. Knowles and Abel Wolman. 
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The results of the research program are proving invaluable in the 
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1931 


During the early part of 1931, the committee did not function 
actively due to the illness of the chairman, but is now carrying on an 
active research program, having established research Fellowships at 
two Universities. 

The committee, in April, 1931, completed negotiations whereby a 
fellowship was established at the Ohio State University under the 
direction of Professor C. W. Foulk, to continue the studies on priming 
and foaming of boiler waters. Prof. Foulk presented an interim re- 
port of the results of his work at the Boiler Feedwater Studies session 
held during the annual meeting of the A.S.M.E. in New York. This 
work is to be continued during the year. 

Sub-Committee 8 on the Standardization of Water Analysis Meth- 
ods has been reorganized under the chairmanship of Mr. C. H. Fellows 
and close contact has been established with similar groups in the 
American Society for Testing Materials, the National Electric Light 
Association, the American Water Works Association and others. To 
facilitate the work of formulating standard test methods the com- 
mittee has established a fellowship at the University of Michigan. 
Mr. Fellows presented an interim report at the Boiler Feedwater 
Studies meeting held during the annual meeting of the A.S.M.E. in 
New York and his second report is to be presented at the Boiler 
Feedwater Studies session at the meeting of the American Water 
Works Association in May. 

The Finance Committee has secured during the past two years, a 
research fund of about $3300 and an additional grant of $3000 has 
been secured from the Engineering Foundation to continue the work 
of these two committees during the coming year. 

The fund available is insufficient to distribute in full copies of the 
research reports. These will be sent only to members of the Execu- 

tive Committee, to contributors to the research fund and to the sub- 
committees actively in charge of the specific research problems stud- 
ied. At a later date abstracts of the reports will be distributed as 


widely as possible. 


Close contact has been maintained between the chairman of the 
Boiler Feedwater Studies Committee and Professor Hinman, thus 
making available to Mr. Hinman’s committee the results of the re- 
search studies pertaining to water analyses applicable for boiler 
feedwater and industrial uses. 
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collection of fundamental and basic data relative to the design and 
operation of boiler feedwater conditioning systems and allied prob- 
lems. 


1932 


The activity of the Boiler Feedwater Studies Committee, during 
the past year, has been devoted primarily to the work at Ohio State 
University and at the University of Michigan, where research fel- 
lowships were established during 1931. The fellowship in the De- 
partment of Engineering Research at the University of Michigan 
was undertaken to study methods for boiler water analyses, for the 
purpose of securing accurate data necessary for standardization of 
analytical procedures. Two thousand dollars was appropriated for 
the period from July 15, 1931 to July 15, 1932. The Boiler Feed- 
water Studies Committee has authorized the continuation of this 
work for the academic year of 1932 and 1933. 

A progress report on “The Determination of Carbonates, Hydrox- 
ides and Phosphates in Boiler Waters’ was released and published 
November 30, 1931, in MercHanicaL ENGINEERING. Reports 
on the determination of Phosphates and Hydroxides in_ boiler 
waters were issued in January and February of 1932. Owing to a 
lack of funds, copies of these reports were limited to committee mem- 
bers, to those contributing to the research fund and to sponsor socie- 
ties, with permission for republication as desired. There are a limited 
number of some of these reports still available and copies may be 
obtained from Mr. C. B. LePage of The American Society of Mechani- 
cal Engineers. The committee will shortly release a progress report 
upon the determination of sulphates. Further work on the deter- 
mination of dissolved oxygen present in waters, in small quantities. 
will be undertaken since there are apparent inaccuracies in the recog- 
nized method now in use. It is planned to release the tentative 
standard method in sufficient time prior to the summer meeting of 
the American Society of Mechanical Engineers, so that the recom- 
mended procedure may be discussed at the Chicago meeting in June, 
1933. 

The critical studies of analytical methods as carried on under the 
University of Michigan fellowship have clearly indicated that our 
present standards are wholly inadequate, and the continuation of this 
form of research is worth while to meet the exacting conditions of 
feedwater treatment for high pressure steam station practice. This 
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research committee is working in close coéperation with the Com- 
mittee D-19 of the American Society for Testing Materials which 
was formed recently for the standardization of water analysis for in- 
dustrial uses. Mr. C. H. Fellows has served as the sub-committee 
chairman during the past year and much credit is due him for the 
development of analytical procedures which have so far been recom- 
mended. 

The Sub-Committee on Priming and Foaming of Boiler Waters 
has continued the research work under the direction of Professor C. 
W. Foulk at Ohio State University. During Professor Foulk’s ex- 
tended absence from this country, the studies were directed by Mr. 
S. F. Whirl, acting as research assistant. This fellowship was in- 
augurated in April, 1931, and will continue to January Ist, 1933. 
The Feed Water Committee’s appropriation to date for this study has 
been $2380. The first progress report by this committee was 
published in MercuanicaL ENGINEERING, November 30, 1931, 
and a large number of reprints were distributed to the engineering 
profession. There are still a limited number of reprints of this report 
available, also, for distribution. A subsequent report of this research 
study will be released at a later date. 

Tentative arrangements have been consummated to conduct co- 
operative research between the Bureau of Mines and the Boiler 
Feedwater Studies Committee. The research will be devoted to a 
study of solubility equilibria of sodium sulphate in concentrated 
boiler water salines. The investigation will be made at the New 
Brunswick station of the Bureau of Mines and will be directed by 
Dr. E. P. Partridge. The estimated budget for the proposed program 
is $7500 a year for two years. The committee, to direct this work, 
will replace Committee 6 which was set up originally to study the 
phenomenon of embrittlement of boiler steel. Mr. J. H. Walker will 
serve as chairman of the new committee and Mr. T. E. Purcell, vice- 
chairman. Other members of this committee are Messrs. Alex D. 
Bailey, R. E. Hall, E. B. Powell and J. B. Romer. 

Financial assistance to carry out this work, is now being solicited 
and a number of companies have already contributed to this special 
fund. The Bureau of Mines is to supervise the investigation without 
charge, supply the services of such investigators as it can assign from 
its force and make available equipment, office and laboratory space 
as may be needed. The committee plans to start active work on 
this problem shortly after the first of the year or as soon thereafter 
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REPORT OF COMMITTEE [J. A.W. 
as the necessary funds are available. The financing of this study is 
independent of the general research fund for carrying the fellowships 
at Ohio State University and the University of Michigan. 

It has been possible to continue the two research fellowships, now 
in progress, only by the generous contribution of $3000 from the 
Engineering Foundation, since no additional funds were contributed 
this year from other sources. It must be apparent to all responsible 
for the operation of steam boilers in modern high pressure stations, 
that considerable research work is still required to insure sufficient 
knowledge for adequate and economical control of such stations. To 
continue this important work will require additional financial sup- 
port. Ifsuch assistance is not received, the research now in progress 
must be terminated before the programs, as originally outlined, have 
been completed. 

By agreement with Rear Admiral Robinson, Director of Engineer- 
ing of the U. S. Navy Department, the Director of the U. 8. Naval 
Experiment Station has been appointed as a member of the Executive 
Committee. The present encumbent in charge of the engineering at 
the Annapolis Station is Captain H. R. Greenlee. Extensive research 
on boiler feedwater conditioning is in progress at the Naval Experi- 
ment Station and your chairman has conferred frequently with the 
director and his assistant, Lieutenant Commander Solberg, in such 
phases of this work as were of interest to this committee, but which 
were not considered confidential by the Navy Department. 


1933 


_ A sub-committee under the chairmanship of C. H. Fellows has 
completed within the year the development of test methods! for the 
determination of carbonates, hydroxides, phosphates and sulphates 
in boiler waters. These test methods are the result of experimental 
work conducted at the University of Michigan and financed by a 
grant from the Engineering Foundation. They are to be given pre- 
liminary publication by the A.S.M.E. and when they have proved 
their reliability they are to be recommended to A.S.T.M. Committee 
D-19 as the bases for preparing standard referee and plant control 
test procedures. 

With the aid of funds supplied by the Joint Committee, Prof. C. W. 


1 Taken from Report of the Council for the Year 1932-1933 of the A. 8. M. E. 
by their permission. 
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Foulk has continued his experiments at Ohio State University on 
priming and foaming of boiler waters. He presented a report at the 
1933 Semi-Annual Meeting of the Society on the effect of suspended 
solids in promoting foam. 

During the year, a sub-committee under the chairmanship of J. H. 
Walker has raised more than $5000 and has pledges of an additional 
amount from industry for a two-year study of alkalinity and sul- 
phate relations in boiler water salines. The experimental work is 
progressing satisfactorily at the Bureau of Mines Non-Metallic 
Minerals Experiment Station, New Brunswick, N. J., and a prelimi- 
nary report will be made at the 1933 Annual Meeting. mec 


1984 


The Joint Research study now under way at the Non-Metallic 
Station of the U. 8. Bureau of Mines will be continued for at least 
another year and funds for this work are available. 

The research work on analytical methods which has been under 
way for two years at the University of Michigan was terminated 
in June of this year and final report on the Committee’s work was 
released at the Annual Convention of the A.S.M.E. in December, 
1934. 

Committee on Water Hammer of the American Society of Mechanical 
Engineers. 

A.W.W.A. Representative—Thos. H. Wiggin, appointed in 1934. 

Representatives on Committees of the National Fire Protection 
Association. 

Electrical Code. Representative on Grounding (Article 9) Sub- 
Committee—Chas. F. Meyerherm. 

See C-1, Sectional Committee (under the American Standards 
Association) on Electric Wiring and Apparatus in Relation to Fire 
Hazard, Regulations For. 

See report herein under Committee on Electrolysis and Electrical 
Interference. 


The following organizations are represented on the committee: 
U. 8. Forest Service, Association of State Foresters, American Auto- 
mobile Association, National Park Service, American Forestry Asso- 
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ciation, Railway Fire Protection Association, Associated Lumber 
Mutual Fire Insurance Companies, Indian Bureau, American Petro- 
leum Institute, National Petroleum Association, American Water 
Works Association, National Fire Protection Association, and Ameri- 
can Federation of Labor. 

Forest areas cover about 500 million acres, of which 400 million 
are in public domain and 100 million in private ownership. Twenty 
million visitors go through these national forests yearly. This in 
brief shows the need for a national program covering federal, state 
and private protection to forest areas. While a greater part of these 
areas is under either federal or state control that portion which would 
be represented by water reservations is quite important as water 
companies, through their contact with the public, have a fine oppor- 
tunity along educational lines. 

The causes for forest fires are listed as follows, in order of their 
importance: (1) Hazard from smokers (this is the greatest peril). 
(2) Incendiary. (3) Débris. (4) Lightning. (5) Railroad. (6) 
Unknown. (7) Miscellaneous. (8) Campers. (9) Lumbermen. 
All of these, with the exception of lightning, are man-made hazards. 

Agreement was reached that a start should be made in three sepa- 
rate divisions, each to be handled by a separate sub-committee. 
These divisions are as follows: a. Educational material. 6. Forest 
fire fighting equipment. c. State Legislation. Your representative 
was appointed to the Sub-Committee on Educational Material. 
While work is being done on this subject, there is at present nothing 
to report. Later it is hoped to have material which can be used by 
our association in educating people to an appreciation of fire hazards 
in forest land and particularly from the risk which comes from the 
ever increasing number of smokers who walk through woodlands. In 
the fall and spring when this hazard is acute the committee has been 
instrumental in issuing warnings by radio broadcast and in other 
ways. 

In regard to forest fire fighting equipment, experience is developing 
certain types of equipment which have proved most satisfactory for 
this work. It is hoped to have information of this sort available 
for members of our association. 

In regard to State Legislation, a study is being made of present 
_ State legislation in the various states in their forest areas. With the 
- eompletion of this survey a sponsoring of proper legislation would 
_ be one of the important functions of this committee. ——_a . 
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ss proper equipment is often responsible for disastrous forest fires and 
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1932 


A demonstration of fire fighting equipment was held at Stephen- 
town, N. Y., October, 1932, which is described more fully in the 
January, 1933, quarterly of the National Fire Protection Association, 
vol. 26, no. 3. 

The suppression of forest and brush fires is, and has long been, a 
civic responsibility. Not only is the destruction of merchantable 
timber and the consequent financial loss of serious moment, but the 
intangible loss from such fires is an equally vital matter. Soil is 
destroyed and its complete restoration takes hundreds of years. 
Erosion is more pronounced and rain water runs off rather than soak- 
ing into the ground. Birds and animals are killed and streams are 
rendered unfit for trout and other fish. The attractiveness of the 
region to summer visitors is reduced. These things affect the wel- 
fare, happiness and income of the community, but in spite of this, 
extremely expensive, blundering and archaic methods of controlling 
forest and brush fires persist in many communities. 

To reduce these tremendous losses and quickly suppress these fires, 
the prime requisites are: 

1. A well organized and trained crew under each forest warden, 
deputy warden, or fire chief charged with suppressing such fires. 

2. Prompt response to fire alarms. Because the forests of the 
region covered by this report are widely distributed and intermingled 
with farm buildings, summer homes, and camps, and are of tremen- 
dous importance in protecting the sources of drinking water, forest, 
brush, and grass fires need to be handled just as expeditiously as fires 
occurring within municipal limits. Prompt and decisive action for 
their suppression is essential and cannot be urged too strongly. One 
gallon of water or one shovelful of sand at the start is worth a thou- 
sand later on. If attacked vigorously in their incipient stages, forest 
and brush fires are almost always easy to control. If not attacked 
vigorously immediately after receipt of the alarm, they may reach 
_ large proportions and become impossible to control without exhaus- 
_ tive labor of many men for days and nights. This means heavy ex- 
pense to the community, distressing losses to property owners, and 
an increase in taxes. 

3. Use the best types of equipment. A lack of adequate and 


high suppression costs. A small group of men provided with ade- 


q 
| 
ber 
ro- 
ter 
; 
on “ai 
ity 
in 4 
ite 
se 
ld 
ir 
). 
5) 
n. 
| 
y 
‘ 
1 
1 4 
4 | 
J 
4 


quate, up-to-date equipment and trained in its use can often accom- 
plish more than a larger number inadequately equipped and poorly 
trained. 

A complete analysis of fire fighting equipment best adapted for 
this work will be found in a report of the Forest Committee of the 
N.F.P.A., copies of which may be obtained from the National Fire 
Protection Association, 60 Batterymarch St., Boston, Mass. Mr. 
Minor, representing the A.W.W.A. on this committee, strongly recom- 
mends a careful study of this report and also would emphasize as 
much as possible the need for each community following up this 
matter of forest fires. Our woodland areas are impossible to replace. 
They have taken many years to develop. We should use every 
means possible to save these for the enjoyment of the people, for 
beneficial effect on stream flow in water shed work, and for the aes- 
thetic value which well wooded territory has, compared with old fields 
or barren plains. Unless men are especially trained for this work, 
much valuable time and property will be lost. It is a very simple 
matter to designate certain men for this work and to show them the 
proper way of meeting this emergency, when it comes. 


1933 


An advance report of the committee on Community Forest Fire 
Fighting Equipment was considered at the annual meeting of the 
N.F.P.A. (International) and will be followed by a final report. 

Hydrants, Valves and Pipe Fittings. Frank A. Barbour. 

Work continued on revision of the Valve and Hydrant Specifica- 
tion issued jointly by the N.F.P.A. and the Underwriters Laboratory. 

Public Water Supplies for Private Fire Protection, Nicholas 8. 
Hill, Jr. 

The first draft of a report was prepared for presentation at the 
annual N.F.P.A. convention in 1932. 

Tanks. Louis R. Howson. 

Since Mr. Howson’s appointment in 1932, the work of the com- 
mittee has consisted quite largely in a consideration of details such 
as tank heating, installation of risers, consideration of materials for 
tank supports, etc., and there has been no general discussion in the 
committee relating to more general features of standard design which 


covered by Sub-Committee 7-H of the A.W.W.A. 
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REPRESENTATIVES ON COMMITTEES OF THE AMERICAN STANDARDS 
ASSOCIATION 


Annual reports in detail of the work of these committees are to be 
| found in the files of the bulletins of the American Standards Associa- 
tion and of the Technical Reports of the American Society of Mechan- 
ical Engineers. 

Reports on the work of these committees for the years 1931, 1932 
and 1933 which have been published in the A.W.W.A. Journal are 
mentioned below. 

A-21, Cast Iron Pipe and Special Castings.—A.W.W.A. Represent- 
atives: T. H. Wiggin, Chairman of Sectional Committee; F. A. 
Barbour, Wm. W. Brush, W. C. Hawley and Edw. E. Wall. (A. V. 
Ruggles acts as Executive Assistant to Chairman of this committee.) 

Annual reports have been published in the A.W.W.A. Journal as 
follows: For the year 1931 in April, 1932, for the year 1932 in March, 
1934, and for the year 1933 in September, 1934. 

A-35, Manhole Frames and Covers. F. A. Marston. 

A report presented in June, 1929, was published in the A.W.W.A. 
Journal in October, 1929. 

A-40, Plumbing Equipment. W.S. L. Cleverdon. he 

B-2-1919, Pipe Threads. W. D. Sizer and Wm. W. Brush. 

B-16, Pipe Flanges and Fittings. Frank A. Barbour. af 

B-26, Screw Threads for Fire Hose Couplings. Denis F. O’Brien. 

The work of this committee is finished and the committee is no 
longer active. 

B-31, Code for Pressure Piping. F. N. Speller. 

B-36, Wrought Iron and Wrought Steel Pipe and Tubing. F. N. 
Speller. 

C-1, Electric Wiring and Apparatus in Relation to Fire Hazard, 
Regulations For. 

Representative of A.W.W.A. on Article 9, Committee on Ground- 

ing of Electrical Code Committee—Charles F. Meyerherm. 

7 G-8, Zine Coating of Iron and Steel. R.S. Dean and R. C. Ewry. 
A report presented in June, 1929, was published in the A.W.W.A. 


Z-23, Sieves for Testing Purposes. Gordon M. Fair. 


___ It is with sorrow that record is noted of the loss by death in 1933 of 
_ W.S. Cramer, Past President of the American Water Works Associa- 
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tion and member of the Committee on Water Works Practice. Mr. 
Cramer’s unfailing codperation and wise, practical counsel will long 
be missed. Mr. James E. Gibson, Past President of the Association, 
was appointed to the vacancy thus created. i 
Committee on Water Works Practice ral) 

FrANK A. BARBOUR, 


AT ARTHUR E. GorMAN, 
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ADJUDICATION OF WATER RIGHTS 
By A. T. Rogers, Jr. aw 
Hebas oto (Attorney at Law, Las Vegas,N.M.) 


My subject would more accurately be stated as “Adjudication of 
Water Rights in New Mexico,” as there are thousands of court deci- 
sions covering the various ramifications of the adjudication of water 
rights and it would be impracticable, under the circumstances, for 
me to attempt to discuss the law and the conditions prevailing in each 
of the several arid states, if I were competent to do so, but I am not. 
The time allotted to this discussion is necessarily limited, so I can 
give you only a few highlights on the subject and discuss the practical 
phase of a few of the many problems involved, especially applicable 
to conditions in New Mexico, which are the basis of my theme. 
These legal problems may not seem of interest to engineers, but it 
has been my experience that they often know as much about the 
legal problems involved in the case as the attorneys. 

The adjudication of water rights is the most important branch of 
law covering that subject matter, because until adjudicated one does 
not know whether he has a legal water right or not; until then such 
rights are uncertain and undetermined. As stated by Mr. Kinney, 
one of the leading textbook writers on the subject (in his book en- 
titled “Irrigation and Water Rights,’ Volume 3, Section 1531): 


Although a person may make a valid prior appropriation of the water of a 
natural stream... he may apply the water to some beneficial use or pur- 
pose for many years, he may lay claim to his rights adversely to all the world, 
and yet this is not deemed a sufficient determination of his rights, for the 
reason that there may be others who have made like appropriations from the 
same source of supply, and, whose claims are bound in time in some manner 
to conflict with the claims of the prior appropriator. . . . The title to a water 
right is not perfect in any claimant until there has been an adjudication or 
legal determination of the same and the title thereto adjudged to be in the 
claimant as against all the world... . 


And the author might well have added that many a person, relying 
upon his appropriation, has built costly works, reduced land to culti- 
vation and at great expense applied water thereon, only to find in 
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times of drought and water shortage that he has — left “high and 
dry” because of prior rights that consumed all of the available water 
supply. 

Water and water rights are the most valuable assets of this arid 
region. Land without water would be a barren waste, unproductive 
and of little value, as you know, and yet, while the state has carefully 
provided ways and means of preserving and protecting land titles 
by requiring public records to be kept of all titles thereto and all 
changes in such titles from time to time, for over fifty years, or until 
1905, our state stood by in a spirit of apparent indifference in the 
matter of giving similar protection to water rights, with the result 
that even today confusion and uncertainty exists in the titles to this 
precious commodity, especially as to old water rights. You can 
perhaps realize the situation much better by contemplating what a 
similar condition would be with respect to the settling of land titles, 
for example titles to the public domain, if the same policy had been 
adopted. Suppose that no surveys had ever been made, or regula- 
tions established requiring that entries be approved and patents 
issued by proper description, and thereafter recorded; that each 
person were permitted to grab as much land as he thought he could 
use or sell, without definite measurement of quantity or location of 
boundaries, one claim overlapping the other, and that such a situa- 
tion had continued for over a half a century (and many of our old 
rights date back to the time this country was acquired from Mexico), 
the confusion and tangle would be no greater than now exists with 
respect to many early water rights and the litigation to adjudicate 
them. 

The average appropriator acts upon the principle, as one judge 
phrased it, ‘“Keep all you get and get all you can,” with the result 


- that the excessive and exaggerated claims in many instances far 


exceed the total flow of the stream. If only a substantial percentage 
of the projects covered by permits granted or applications pending 
for the appropriation of our public waters are completed and the 


- appropriations perfected, the total available water supply will prob- 


ably become fully appropriated. Between the year 1905, when our 


_ first water code was enacted, and the year 1910, there were more 


than 500 applications filed in the State Engineer’s office for permits 
to appropriate water, covering several million acres of land sought to 


be irrigated. Such applications have greatly increased since then 


and the records now show that more than 2000 such filings have been 


38 A. T. ROGERS [J. A. W. W. A, 
#3 
— 
> 


a 


vob. 27, NO. 1] ADJUDICATION OF WATER RIGHTS 39 


made, and this does not take into consideration the appropriations =—- 
made prior to the year 1905, known as old vested rights, of which es 
but few public records have been made. - 
Many of the applications so filed were speculative, most of them | 
were exaggerated as to the amount of land to be irrigated or water 
required, and many of them overlapped each other, as well as over- ate 
lapped land already in irrigation, but after making due allowances, ber : 
it seems that the demands upon our surplus water will far exceed the : 
supply,—hence the necessity that the extent of appropriations already 
made should be definitely determined, to the end that we may know 
what, if any, surplus water still remains for appropriation, aside from : 
the benefits resulting from definitely settling existing claims. ‘The _ 
psychological aspect of the situation is interesting. Up to the year 
1905 the appropriation of water was in a rather dormant state, but Ps 
as soon as the water code was enacted and legislative importance am, 
given to water rights, an intense interest was stimulated and the = 
resulting activity reminds one of the old-time land rushes when 


valuable public domain was opened to settlement. “a 


For our purposes, the adjudication of water rights may be defined 
as the judicial determination of the respective claims of those claim- 
ing the right to divert and use the public waters of the state. Such 
an adjudication may occur in various ways, but generally by three 
methods: First, injunction proceedings; second, suit to quiet title 
to water rights; and third, statutory adjudication. 

1. An injunction proceeding is primarily an action in personam or 
against the person, requiring the doing of some act necessary for the 
protection of the water rights of the plaintiff or to enjoin from the 
doing some act that would injure or impair such rights. In a modi- 
fied sense, such a proceeding involves the adjudication of the water 
rights of the parties to the action, as their relative rights must be 
determined, at least as between them, before the court can grant the 
relief sought. Injunction is the oldest, most usual, as well as the 
speediest method of testing the validity of water rights. While 
limited in its scope as to the relief that may be granted, as well as the 
parties affected, it is very much less expensive than an adjudication 
proceeding and often serves to effectually settle acute controversies. “ay 

2. The second method, or suit to quiet title, is somewhat broader in | 
its scope than an injunction proceeding. Its principal object is to 
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confirm the title of plaintiff—but affirmative relief is often asked by 
the defendants, and it is conceivable that by cross-complaint the 
defendants may litigate and determine their rights not only against 
plaintiff but inter se, and thus convert the proceeding into a limited 
adjudication of the water rights covering the stream involved—for a 
court of equity, once acquiring jurisdiction of the subject matter, 
may, and usually will, do justice to all the parties before it and deter- 
mine their respective rights in the subject matter. A suit to quiet 
title differs from a general adjudication proceeding in that it seldom 
covers more than a single stream or tributary and not the entire 
stream system; the parties are fewer and its scope more limited, and 
it is less expensive, as an hydrographic survey may not be required. 
Of course, no such proceedings, either by suit to quiet title or by in- 
junction, would bind anyone not made a party thereto, as every 
interested party is entitled to his day in court. Several different 
suits by injunction or to quiet title have occurred (particularly in 
Colorado and California) involving the waters of a single stream or 
tributary. The results accomplished are not entirely nullified should 
a general adjudication proceeding be thereafter commenced, because 
the parties to such previous proceedings and those in privity would 
be bound by the matters litigated, and such proceedings often serve 
a very beneficial purpose. 

Suits to quiet title to water rights have not been frequent in New 
Mexico, but have been common in Colorado and other arid states. 
For example, it is used in Colorado to determine the respective priori- 
ties of two ditches, without, however, effectuating a complete ad- 
judication of the stream or even of the individual rights under such 
ditches. In New Mexico it is doubtful whether a suit to quiet title 
to water rights alone can be maintained, since the enactment of the 
water code of 1907, because that statute provides that in any suit 
for the determination of a water right in any stream system, all 
parties, whose claims are of record or are known, shall be made par- 
ties. It seems unfortunate that the provision just mentioned was 
not confined to a general statutory adjudication proceeding, to the 
end that equity might grant specific relief covering local or special 
situations or controversies. For example, a farmer applies for a 
Federal loan. His water rights have never been adjudicated; the 
loan cannot be consummated until prima facie evidence is furnished 
confirming the water rights. The lender is interested principally 
in knowing whether such water rights are recognized in the local 
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stream. A simple, speedy and inexpensive method of establishing 
such rights would be a suit to quiet title, as an adjudication proceed- 
ing would cover a matter of years, the expense would be prohibitive 
for a small farmer, and when finally completed the emergency relief 
sought would probably be futile. On principle, however, there ap- 
pears to be no good reason why a suit to quiet title might not be main- 
tained where it is sought to quiet title both to the land and to the 
water rights jointly, inasmuch as the water rights are merely an 
appurtenance to the land and title to that appurtenance, it would 
seem, could be determined jointly with the title to the land, just as 
logically as the title to a house or other improvements or appurte- 
nances to real estate can be determined in a suit brought to quiet title 
to the land. It is doubtful whether the statute referred to greatly 
impairs relief by injunction, because the primary object of such a 
proceeding is the protection of a water right rather than the judicial 
determination of such right. It would hardly seem in keeping with 
the spirit of due process of law that when one’s water right is infringed 
by one or more wrong-doers equity could not protect such right, 
unless every other water user in the stream or stream system is made 
a party to the action. 

3. The statutory adjudication of water rights is a comprehensive 
statutory proceeding, having as its object the final settlement and 
determination of all the water rights in a stream system. Our 
statutes provide that the State Engineer shall make an hydrographic 
survey of each stream system in the state and when completed on a 
particular stream system such survey shall be delivered to the Attor- 
ney General, who at the request of the State Engineer, shall commence 
an action to adjudicate the water rights therein. The statutes also 
permit such a proceeding to be commenced by private parties, but in 
that case the Attorney General, at the request of the State Engineer, 
shall intervene, or he may do so of his own volition. This tends to 
confirm the statement made herein that the primary title to all public 
waters rests in the state—although in Idaho the Supreme Court held 
to the contrary, on the theory that the water rights involved were 
vested private property and that neither the Attorney General, nor 
the state, was the real party in interest. (Bear Lake County vs. 
Budge, 9 Idaho 703.) Our statutes, however, specifically declare 
that all natural waters flowing in the streams or water courses of the 
state belong to the public. 

— The court in which a suit is commenced acquires exclusive juris- 
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diction to siliiiates the water rights involved, although the stream 
system may flow through more than one county. The statutes also 
provide that where such a proceeding is commenced by individuals 
rather than the state, the State Engineer shall make an hydrographie 
survey of the stream system involved, and that often necessarily 
delays the proceeding many months or even years. Such a survey 
shall be admitted in evidence and it is thus made prima facie proof 
of the rights shown thereby—but in actual practice the court indulges 
a very liberal presumption as to the accuracy of an hydrographic 
survey and the burden is heavily placed upon anyone attacking it. 
Hydrographic surveys, as a rule, are fairly accurate, but naturally do 
contain errors, as much of the data upon which they are based is 
necessarily obtained from interested parties. As between a private 
survey made by a competent engineer and an hydrographic survey, 
the latter is generally given greater probative effect, perhaps upon the 
assumption that the private engineer is partisan and prejudiced. 
Such a case is heard by the court but questions of fact may be sub- 
mitted to a jury or a referee in the court’s discretion. 

Our statutes also provide that upon the adjudication of the water 
rights the decree shall adjudicate to each party the priority, amount, 
purpose, periods and place of use, and specify the land to be irrigated. 
In the case of Harkey vs. Smith, 31 N. M. 521, our Supreme Court, 
in construing this section of the statute, held that the District Court 
was authorized in an adjudication proceeding to grant a water user 
the privilege of using the quantity of water decreed to him at any 
time during the year, although conceding that the court could not 
have granted such a privilege in the absence of such a statute. That 
decision leaves the appropriator of surplus water in a grave state of 
uncertainty. Suppose a stream has sufficient flow during the year 
to irrigate 1000 acres. There is sufficient water during the irriga- 


tion season to irrigate 500 acres which has been fully appropriated. 


The unappropriated or surplus flow during the non-irrigation season, 
if stored and conserved, would be sufficient to irrigate the additional 
500 acres. Such surplus water is clearly subject to appropriation. 
A land owner files on this surplus water, builds his storage reservoir, 
canals and laterals and completes his appropriation. Later on the 
owners of the flow during the irrigation season, under the doctrine 
stated in the case referred to, decide to rotate their crops and plant 
crops requiring irrigation during the non-irrigation season. They 
_ fail to use the water during the summer flow, but attempt to use it 
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during the non-irrigation season. If they have such a “floating” 
right as to time, the doctrine of seasonal appropriations, so well 
established, is meaningless. The appropriator who built his storage 
works and appropriated the surplus water would suffer irreparable 
loss and injury because he was granted the right to divert and im- 
pound the water only during the non-irrigation season, and even if he 
had the right to impound the water during the irrigation season, he 
would not know from year to year whether the prior appropriators 
intended to use the water in a particular year during the irrigation 
season or during the non-irrigation season and would be constantly 
subject to their whims. 

If the court correctly construed this statute, the statute surely 
ought to be amended or it will make prohibitive the construction of 
large reservoirs to conserve the surplus waters during the non-irriga- 
tion season and greatly retard development. The weight of authority 
holds that it is not the province of a court to create or grant new water 
rights but merely to determine and adjudicate, from the proofs sub- 
mitted, the water rights already acquired by the litigants, and by 
decree to define and limit such rights as to quantity, kind of use and 
time of use—all depending upon the character of the appropriation 
actually made—and such kind of use, or time of use should not be 
changed except by permit of the State Engineer nor, in any event, if 
such change would injure or impair the rights of others. Mr. Kinney 
says (at page 2867 of his work on water rights): 


¥ 


The decree rendered by the court in these cases does not grant any new 
property rights but merely embodies in permanent form the evidence of those 
rights previously acquired. (Citing the case of New Mercer Ditch Co. vs. 


Armstrong, 21 Colo. 357 and Alamosa, ete. Co., vs. Nelson, 42 Colo. 140.) r 


Mr. Kinney also says (page 2820): si 


Again, as the law favors periodical appropriations, a decree may also award 

a certain amount of water to be used during certain periods of time. J 

A water user, who has appropriated and used water only during 


the irrigation season for a number of years, has acquired only the 
right to use the water actually used during that period of time and 

has not the right to use the water during the non-irrigation period if 
it has been appropriated by others, so a decree awarding the right to 
use such water during the non-irrigation period would seem to create 


and grant new rights. The statute referred to does not seem to 
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expressly confer such authority upon the courts. The State Engineer 
would have such right but only in granting a permit, which limits the 
right to be acquired. 

An action to adjudicate water rights is the most tedious, vexatious, 
protracted and expensive legal proceeding within my experience. An 
action to partition real estate, which somewhat resembles an adjudi- 
cation proceeding, is simple in comparison. Take the Mora Grant, 
for example, that was partitioned some years ago. It was a private 
grant made to 76 separate grantees and comprised over 800,000 acres, 
There were thousands of defendants in the case, and yet the actual 
proceedings in the trial were comparatively simple, although delayed 
many years in final determination. Each original owner had a 1/76th 
undivided interest in the grant and his interest and ownership was 
made a matter of record. These various owners of undivided in- 
terests freely sold and conveyed their interests, either as a whole or 
in fractional parts, and sometimes in minute fractional parts, such as 
an eighth of a fourth of a half of a 1/76th interest. In the partition 
proceeding the owner of a fractional part need only prove a chain of 
title to his interest and go his way, unless and until someone else 
claimed a part of such interest, and then contest only that particular 
claim. He is thereafter concerned principally in framing the final 
decree. But, a proceeding to adjudicate water rights is very much 
different. Prior to the year 1907 few of such rights were made a 
matter of record and must be proven by parol evidence. Not only 
one but many streams or tributaries are involved, as the entire stream 
system is, at least theoretically, covered, with varying priorities on 
each stream or tributary that may affect other owners of water rights 
in the stream system. There are usually several hundred parties 
and in some cases many more, such as the Hope Community Ditch 
case and Snow vs. Abalos, 140 Pac. 1040, each of which had several 
thousand parties. Each claimant must be continuously represented 
at every hearing where testimony is offered, lest some adverse claim- 
ant adduce proof tending to show an earlier priority, even on a differ- 
ent tributary, that might affect his rights. So, it is largely a case of 
each of the numerous parties contesting all the others as adverse 
parties. Moreover, the testimony, especially as to old water rights, 
is often meager, vague and unreliable. ‘This sometimes applies also, 
but in a lesser degree, to rights that have accrued since the water 
code was adopted. 

As stated by Mr. Kinney in the section referred to: 
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7 
ineer As respects water rights, as shown by the history of water right litigation, ee 
3 the persons are inclined to claim many times more than they have any valid right “a 
to. This is especially true as to all of the old water rights in all states where oan 
the appropriations were made before the adoption of the newer method of the === 
ous, acquisition of water rights under the laws of state control . . . which method - at 
An in and of itself somewhat checks the avaricious claims of some appropriators. | toe 
udi- As was well said in a late South Dakota case: ‘Perhaps there is in all water “a 
ant right cases some mysterious relation between the quantity of water and the 7 Ai. 
: quantity of language—a law of supply and demand—which requires that the oes 
rate volume of language shall increase in direct ratio to the deficiency in volume + Fi 
Tes, of water.” 
bual 
yed The adjudication of water rights involves primarily the matter of 
6th priorities, that is, who came first and how much water did he appro- a 
vas priate and when and to what extent, if any, did he increase the appro- . 
in- priation before others appropriated water; who came second, etc. on 
or down the line as to each party to the action. Many years elapse : 
ag between the initiation of such appropriations and the adjudication * 
ion thereof, death, change of residence, change of ownership and other 
of conditions often cause it to become almost impossible to secure the | 
Ise original witnesses to the transactions, discrepancies and inaccuracies 
lar arise as to when the appropriation was actually made, the size of the i! : 
1a] ditch, the amount of water actually diverted and used, how much a 
ch land was originally irrigated and whether additional land was irri- a 
a gated after a reasonable time from the inception of the project, and _ 
ly many other important questions. When this proof depends upon ia 
m memory, often dimmed by time and faulty, ‘confusion worse con- - 
mn founded” inevitably results. This would largely have been avoided : 
ts had public records of the appropriation been required. vy 
eg Water rights involve special property rights and the ordinary rules 
+h of law do not always apply. In many respects the law of water rights 7 
al is unique. As stated by the Supreme Court of Oregon in Whited 
d | vs. Cavin, 105 Pacific 396: 
P Water suits are sui generis; by reason of which courts are sometimes con- 
fronted with the dilemma of either exercising their discretion in matters of 
f practice coming before them or of making an exception to that well known 
e maxim, “‘Equity will not suffer a right to be without a remedy.” 
sf The failure to recognize this feature doubtless accounts for many 
r decisions that seem contrary to principle, and it should be kept in 
mind in determining whether other than a general adjudication pro- 
ceeding is permissible to administer justice in particular situations. 
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rior to the year 1907 it was not considered necessary to make a 


formal filing or public record to appropriate water. The water code 
of 1905 attempted to make some such provision, but that act and the 
similar earlier statute of 1891 were considered merely permissive, that 
is, compliance with their provisions was not essential to the initiation 
of a water right, unless a person desired the benefit of the doctrine 
of relation. There seems to be some confusion as to whether our 
present water code provides an exclusive method of appropriation, 
and some attorneys have raised the query because of the rather broad 
language in the case of Farmers Development Co. vs. Rayado Land 
& Irr. Co., 28 N. M. 357, wherein the court said: 


That the manner of appropriation provided for by such statutes is not 
exclusive has been decided by many courts. 


ROGERS) [J. A. W. W.A, 


The construction of our 1907 code provisions, however, were not in- 
volved in that case, although the language quoted is broad enough to 
apply to it, except for the later statement in the opinion that the 1907 
code seems to provide an exclusive method. When we consider that 
our water code provides that an application shall be filed and permit 
secured in order to make an appropriation, and further provides that 
it shall be a misdemeanor to begin the construction of any works to 
carry or impound the public waters until after a permit has been 
issued, there seems to be little question but that the court would hold 
that such a statute provides an exclusive method of making an appro- 
priation and that compliance therewith is mandatory. 

Our water code of 1907 was a decided step in advance and its evi- 
dent purpose and intent was to correct the uncertainty and confusion 
that formerly existed; to provide records of appropriations thereafter 
to be made; to provide a complete system whereby all water rights, 
both those previously existing and those thereafter acquired, might 
be determined and adjudicated, to the end that public records 
thereof might be made and preserved,—and to require a record to be 
_ made of any changes in such rights, and generally to regulate all 
_ water rights, including those known as old vested rights. 

_ In the recent case of El Paso and R. I. R. R. Co. vs. District J udge, 
- 8 Pace. (2nd, ser.) 1064, Chief Justice Watson in discussing the ad- 
judication provisions of our water code, said: 


It is true that Colorado adjudications are not so sweeping as ours, and 
that much more is left to the ordinary jurisdiction of equity. . .. Undoubtedly 
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our adjudication was intended to be more comprehensive. Here stream sys- 
tems as a whole are to be surveyed. All rights in the stream system are to be 
adjudicated. .. . In the light of Colorado’s experience we undertook a more 
thorough job. . . . Our scheme seems more logical. Whether it isso ambitious 
as to be impracticable remains to be determined. 


You will find the opinion in that case both interesting and instruc- 
tive, not only because it reviews many of the decisions of the court 
construing 1907 water code, but especially because it reveals a clear 
conception of the spirit and intent of that code. 

Chief Justice Watson’s suggestion that our plan of adjudication 
may be “‘so ambitious as to be impracticable” is worthy of serious 
thought. I believe the statutory provision is too broad and wholly 
impracticable, which requires that “In any action to determine a 
water right in any stream system” all those having water rights in 
such stream system shall be made parties. It has the effect of deny- 
ing a reasonable and adequate remedy for the determination of water 
rights. Under the rules of statutory construction, such a statute 
would ordinarily be considered as applying only to statutory adjudi- 
cation proceedings. But, in express terms it does lay down a posi- 
tive rule as to any proceeding brought to determine a water right. 
It would apply to the case already mentioned of a farmer seeking a 
loan and desiring to expeditiously establish his water rights by court 
decree. Other similar cases will readily occur to one. I may men- 
tion another actual case from my own experience: “‘A” and “B” each 
claimed the prior right to the waters of a tributary stream to irrigate 
several hundred acres of land. ‘B”’ instead of resorting to injunction 
proceedings, notified ‘‘A”’ to let down the water or he would be held 
liable in damages for all crop failures suffered by ‘“B’. ‘“A’’ was 
“between the devil and the deep sea.” If he failed to turn down the 
water he might be liable for heavy damages. Under the statute men- 

tioned he could not determine the priority of his claim except by a 
statutory adjudication proceeding that might take years to determine, 
and the costs and expenses would be prohibitive. In Colorado, in 
either of the cases m»ationed, one could file a simple suit to quiet 
title, making the other water users on the tributary stream parties, 


and speedily determine his priority. That statutory provision, I 


believe, should be made to apply only to a general adjudication pro- 
ceeding, and that the usual equity remedies should be freely available 
to determine and settle all such local and acute controversies. 
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from undertaking a general adjudication of the water rights of a 
stream system. We may better understand this when we realize that 
such a proceeding, covering an entire stream system, rarely involves 
the rights of fewer than several hundred claimants, and frequently 
there are several thousand involved. These claimants must be 
ferreted out, their names mentioned in the complaint, thousands of 
copies of summons and complaint must be prepared and each of the 
thousands of parties must be personally served, if possible. Besides 
this, funds must be advanced to pay the expense of an hydrographie 
survey if one has not already been made of the stream system in- 
volved, which is usually the case. The moving party can claim reim- 
bursement upon the final determination of the case for only a part of 
his expenses, such as the cost of serving process, and of the survey. 
Only one with ample financial resources could afford such an under- 
taking. 

I am not decrying the water code, as I believe its substantive pro- 
visions are beneficial and commendable, but I do believe that some 
of its procedural features “are so ambitious as to be impracticable.” 
Theoretically, the all-inclusive provision complained of is unobjec- 
tionable but, like so many alluring theories, they cannot withstand 
the reliable and commensense test of their practical operation and 
effect. That provision is based upon the plausible theory that the 
rights on a tributary stream cannot be effectually adjudicated with- 
out also adjudicating all the water rights in the stream system, as the 
claims on the tributary might conflict with those on the main stream, 
or vice versa. However, the purpose of remedial or procedural 
statutes is to facilitate the administration of Justice, not to hamstring 
litigants by making procedure so cumbersome or expensive as to 
greatly impair remedial relief. In Wyoming, in actual practice, the 
procedure in adjudication of water rights has been the reverse of our 
own. They first settled the rights in the small streams or tributaries 
and then in the main stream, and finally codrdinated and adjusted 
conflicting rights on the entire stream system involved—not unlike 
the process of partial adjudication of water rights on the smaller 
streams or tributaries by suits to quiet title and injunction proceed- 
ings, the relative rights on the stream system to be later coérdinated 
and adjusted in a general adjudication proceeding. The plan is not 
perfect nor is mathematical accuracy obtained, but it has been practi- 
cable and has worked more satisfactorily than our own, with the 
subject matter so vast and claims so complicated and conflicting. 
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In the Hope Community Ditch case Federal Judge Colin Neblitt 
severely criticized that omnibus proceeding that brought into court 
water users from Carlsbad to the headwaters of the Pecos, including 
all the tributary streams, even the Gallinas River through Las Vegas 
up to El Porvenir, as an imposition upon thousands of small land 
owners who were subjected to expense, inconvenience and annoyance 
without adding anything substantial to their property rights, as 
compensation. He said that on many of these streams there were 
no existing controversies and for years the water users had been living 
in peace and harmony, only to be agitated and disturbed by such a 
proceeding. In that case, as in several other adjudication proceed- 
ings in which I have participated, the issues were finally determined 
by stipulation or compromise, or the case would still be pending 
today. Decrees in limited suits involving the water rights of only 
small streams and small tributaries were freely admitted as evidence 
of the rightsinvolved. This confirms my suggestion that such limited 
suits should not be prohibited. The issues are more thoroughly tried 
and individual rights more accurately determined. 

Our Supreme Court in many cases has construed the 1907 water 
code and has greatly clarified its provisions. There is, however, one 
case, Pueblo of Isleta vs. Tondre, 18 N. M. 388, that seems to greatly 
restrict the apparent purpose and intent of the 1907 code. In that 
case the court held that a community ditch or acequia, in existence 
prior to the year 1907 (and the principle would seem to apply to any 
ditch previously existing) need not obtain the permit or approval of 
the State Engineer, as required by the 1907 code, before changing its 
point of diversion. If that decision is carried to its logical conclusion 
it would seem that any water rights that were initiated prior to the 
year 1907 would not be subject to adjudication or forfeiture either, 
as she statute, from the operation of which such old rights were held 
exempted, covered, “regulation, adjudication and forfeiture.” Jus- 
tice Roberts filed a dissenting opinion in that case and I commend it 
to you for its logic and soundness of reasoning. The court did not 
hold that the Legislature could not have required such permit or 
approval but that it had not done so. The court seemed to hold the 
view that the 1907 water code was wholly prospective and did not 
deal with water rights then accrued and vested. Later decisions of 
the court seem to indicate a contrary view inasmuch as it has applied 
the water code to preéxisting rights in respect to the making of hydro- 
graphic surveys and the effect ther:of and other features of the act 
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applying to adjudication proceedings. The court may have con- 
sidered these expressions in the Pueblo of Isleta case as beyond the 
issues actually involved. The real question in that case was whether 
the statute regulating a change in the point of diversion was in fact 
an impairment of vested rights. 

The United States Supreme Court has held in a number of cases 
involving the validity of statutes similar to the Torrens Recording 
acts that the state had the authority to regulate vested rights when 
necessary to the public welfare or convenience and even declare a 
forfeiture of title to land if the title deeds were not recorded as pre- 
scribed, and that no vested rights were thereby impaired or constitu- 
tional guarantees denied. Surely the State would have such a right 
with respect to the public waters, the primary title to which is vested 
in it. It is almost universally held that such rights are not absolute 
but only relatively vested rights and that the state may impose rea- 
sonable rules, regulations and limitations from time to time, both as 
to water rights already acquired and those thereafter to be acquired. 
Requiring a public record to be made, such as a permit or approval 
by the State Engineer to authorize a change in point of diversion of 
an old ditch, would seem to be not an impairment of vested rights, 
because the vested right was to the point of diversion as it had pre- 
viously existed and not to the new point to be constructed. The 
reasons for requiring a record for such changes are obvious. Lapse 
of time may obliterate the original point of diversion, the witnesses 
to the original location may be dead or may have disposed of their 
lands and removed from the vicinity and evidence of the original 
location, size of the ditch or date of construction may not be obtain- 
able. In an adjudication proceeding years later, the available wit- 
nesses may be only those who have knowledge of the existence of the 
new point of diversion, perhaps some distance from the original loca- 
tion, and upon such evidence alone many years of priority might be 
lost, aside from the general confusion caused by the absence of any 
public record thereof. If our court should adhere to the principle 
announced in the Pueblo of Isleta case, it would seem that the Legis- 
lature should amend our water code so that it may apply to rights 
that had accrued prior to the year 1907, as there is no reason why 
rights later accrued should be differentiated or discriminated against 
in respect to their regulation, adjudication or forfeiture. 

I believe it is unfortunate that the 1907 code did not require all 
owners of then existing water rights to file a statement of the nature 
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and extent of their appropriations, that would reasonably define and 
limit their claims, and make a public record thereof, and also provide _ 
a means for the determination of such claims, by an administrative 
or quasijudicial body, similar to the Wyoming statutes, or by a tri- 
bunal inferior to the District Court, having judicial powers, as con- 
templated by our Constitution. That would have cleared much of 
the prevailing uncertainty and confusion that have existed and in- 
creased during the past twenty-seven years as to water rights that 
accrued prior to the year 1907; it would have provided a simple and 
comparatively inexpensive method of adjudication and would have 
saved years of litigation and thousands of dollars of expense. During 
that period of time many thousands of acres of land have been reduced 
to irrigation, for which water rights are now claimed with priority as 
of the inception of the project many years earlier, and it is difficult, 
if not impossible, to segregate the old rights from those later acquired. 
Some such plan as suggested was contemplated by the ill-fated 1905 
Act but somehow the idea was abandoned with the repeal of that act. 

Mr. Kinney in his work on irrigation (page 3643), referring to the 
Wyoming adjudication proceeding by a board of control rather than 
a court, says: ‘The law has stood the test of time.’’ There were only 
a few appeals to the court from adjudication proceedings, doubtless 
because experienced engineers determined the rights. 

Mr. Weil in his work on irrigation (page 1139), commenting upon 
the various systems of adjudication and quoting from State Engineer’s 
reports and reports of the Department of Agricuiture, says that in 
Wyoming (year 1909) practically every stream in the state had been 
adjudicated, at a mere nominal cost, although their law had been in 
effect less than twenty years, while in those states that had adopted 
only a portion of the Wyoming system and left the adjudication to 
the courts, the system had been “without much success.” 


CONCLUSIONS i 

From this somewhat random discussion, the following conclusions 
seem obvious: 

That the water rights of every stream system in the state should 
be adjudicated as soon as practicable. That partial determination 
of water rights, that is, of tributaries or single streams, but not neces- 
sarily including the whole stream system, by methods other than 
general adjudication of the entire stream system, should be permitted. 
Especially is this true where there is no hydrographic survey of such 
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stream system. That hydrographic surveys of all our stream systems 
still unadjudicated should be made as expeditiously as available 
funds will permit—and public appropriations can be made for no 
better purpose. That our water code should be amended so as to 
reconcile some of its conflicting provisions and be made more definite 
and positive in respect to its indefinite and deficient provisions that 
have been construed by our courts, keeping in mind the basic principle 
that the primary title to the public waters remains in the state and 
that it has reserved authority to reasonably regulate and administer 
them. 

In conclusion, it may interest you to know that the decisions of 
the New Mexico Supreme Court on the law of water rights have been 
held in high esteem and, as a rule, have been considered in line with 
the best thought on the subject. In fact, an earlier decision of the 
Supreme Court of New Mexico was highly recommended by one 
eminently qualified to pass opinion upon it. I have in mind the 
comment of Mr. Elwood Mead, one of the leading irrigation engineers 
in this country, who is thoroughly versed not only in the engineering 
phase but also in the legal phase of water rights. In his “Irrigation 
Institutes,’ published some years ago, speaking of New Mexico, he 
said in part: 


The courts of New Mexico have taken advance ground on the subject of 
water rights (he then cited the case of Milhiser vs. Long, 61 Pacific 111, which 
he discussed). . . . If this ruling is adhered to, beneficial use of water in New 
Mexico will mean more than it does in some sections of the west. It will 
prevent the evil of excess decrees, because the needs of the land will always 
serve as a measure of the right. 


We have been fortunate in that during the formative period of our 
irrigation law and for the greater part of the time we have had, and 
we still have, both Supreme Court and District Court judges well 
versed in the law of water rights and many of whom have had years 
of experience in litigation involving that subject. This should give 
assurance that eventually our vexing problems will be solved satis- 
factorily. 


(Presented before the Rocky Mountain Section meeting, September 11, 
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WA'TER MAIN FAILURES 


By ArtHur H. MILLER 

sate (Superintendent of Water, Sheboygan, Wis.) 


This paper records an attempted explanation of several failures in 
a 30-inch cast iron water main connecting the City of Sheboygan 
water distribution system with the new 4,000,000 gallon reservoir, 
during late February and early March of 1934. The location of the 
line with respect to the city plant and reservoir is shown in figure 1. 

The following is a summary of the main features of construction. 
(1) Material is 30-inch Class B Sand Cast Bell and Spigot pipe from 
a northern foundry. (2) Standard specifications governed the con- 
struction of the line, lead joints with braided hemp, air caulked. (38) 
Average cover 53, minimum 4}, maximum 12 feet, soil largely clay, 
some sand. Pipe received foundry inspection by maker only, shipped 
by rail and lake. Inspected at dock by buyer and seller. Hauled 
to job by auto truck, loaded and unloaded by portable hoists. Each 
piece inspected thoroughly by contractor’s inspector and water 
department inspector while laying. The above inspection disclosed 
5 pieces broken on receipt at dock in Sheboygan, 3 spigot ends cracked 
and 2 hub ends cracked, four more pieces cracked in delivery to job, 
out of a total of roughly 850 pieces. Construction of this line was 
begun on the city end in October, 1932 and completed in February, 
1933. The last piece of construction was the sag under the depressed 
railroad tracks of the C. & N. W. Belt Line. 

In March, 1933 the completed line was given a thorough leakage 
and pressure test. The maximum pressure of 170 pounds per square 
inch was applied for a period of two hours at the city terminal of the 
line without failure or excessive leakage. On July 28, 1933, the 
reservoir and line were placed into operation and functioned without 
trouble until October 26, 1933. At this time our first leak on the line 
showed up at No. 4, Figure 1. It proved to be from a cracked bell, 
figure 2, No. 3, but we were able to repair it by removing a section of 
the pipe before any damage resulted. This break was at a point 

where a considerable change in the grade occurred, and it was felt 
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that perhaps settee of the line down hill put a prying load on the 
bell of the pipe at this joint. In view of later failures I now feel that 
our explanation of this break was perhaps incorrect. From October 
26, 1933 until February 26, 1934 no trouble occurred, but on the 
latter date we had the first of a sequence of serious failures. During 


sx 


ST. 


At 
doob 
T= NE 
eit ® 
= A 
ba; 
ssi Yatoo bm ptintensity of Pressure 


the period shortly following February 26 we experienced three failures 
in the 30-inch line as follows. February 26 at location No. 1, March 
1 at location No. 2, March 14. Y-branch fitting at location No. 3, 
all shown on figure 1. 

The Y-branch failure occurred while the line was undergoing a 
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pressure test following repairs to the breaks at location 1 and 2. 
Pressure on the fitting at failure was 190 pounds per square inch. 
Since failure of these Y fittings are more or less common and their 
redesign is now being studied by a committee under A. W. W. A. 
direction, we will dismiss this one by saying that it appears to be due 
to a weak design. Failure occurred by a parting along a horizontal 
plane at the middle. Fracture seemed to be in good solid metal, 
although it appeared that partial fracture along the line of failure 
may have occurred prior to the test referred to herein, 
jo ais 


rte 
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Since the breaks at (1) and (2) were very similar, and since they 
appear to be typical of this class of pipe failures, we will consider them 
together and devote most of the remainder of this paper to study of 
the probable cause of such failure. Figure 2 shows the opening in the 
pipe at break No. 1 location. The depth of the ground frost and also 
the size of the opening in the pipe should be noted. The length of 
the pieces broken out is 48 inches and the cord length of the piece 
broken out 34 inches. The size of the hole in the pipe was such that 
once an opening was broken through the frozen ground and pave- 
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ment, the water flow was that of full pipe line capacity. In break 
No. 2 the broken piece was practically identical with the above both 
in shape and size. 

Since this line had been in service for months without interruption, 
and because of its tightness and strength as shown by tests prior to 
placing it in service, it is natural to look to changed conditions result- 
ing from climatic variation as a possible explanation of these sudden 
breaks. The air temperature had ranged from minus 18 to plus 20 
degrees for the two weeks preceding the break, to make the period 
the coldest of the winter. Variation in water temperature from July 
1, 1933 to July 1, 1934 from our plant records are from a maximum of 
69 degrees F. in August to a minimum of 34 degrees in January and 
February, 1934. It is reasonable to say that during the summer of 
1933, while the higher temperatures of ground and water were upon 
the line, it was steadily settling into a firm position in the earth and 
earth friction on the outside of the pipe line was being established. 
When temperatures of water and ground began to lower tension was 
built up in the line as follows. 

Sequals Z.e. Assume maximum temperature change of 30 degrees 
F. £ equals 15,000,000. Coefficient for C. I. equals 0.00000556. 

S = 15,000,000 X 30 X 0.00000556 = 2502 pounds per square 
inch. 

Area of pipe cross-section = 100 square inches. 

T = 2502 X 100 = 250,200 pounds. F. 

T is, of course, the tensile load of the pipe only on the assumption 
that each of the joints can transmit such a pull without slipping. A 
bell and spigot joint with lead and jute or other packing is designed 
to provide axial movement and thus prevent the setting up of the 
tensileload T. I believe that the extent to which a joint accomplishes 
its function as above set forth depends entirely on how it is made up. 
Referring to 4, figure 2, it is evident that if the lead is cast up on the 
slope of the bead as shown, no axial movement can take place with- 
out causing a large bursting pressure on the bell of the pipe. In our 
job braided hemp was used in the joint. It was used in accordance 
with the maker’s instructions, viz., about 14 times around the pipe so 
as to provide a reasonable overlap. It is my belief that on the two 
thirds of the circumference where the braid is single it is easily possible 
to drive the braid into the opening so far as to bring the lead well up 
on the slope of the bead on the spigot end. Enough braid or jute 
should be used in every case so that when caulked or driven in it will 
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extend beyond the slope, and thus give the lead joint a chance to act 

as an expansion joint to some extent without setting up bursting 

stresses in the bell. 

In order to study the bursting effect on the bell, of the load T, I 
have assumed that the ring and taper plug shown in 3, figure 2, are 
fairly representative of the load conditions existing in a bell and spigot 
joint. The pressure between the (frictionless) ring and plug is like 
a hydrostatic pressure on a deeply immersed surface, everywhere 
normal to the surface and uniform in intensity. Therefore, the com- 
ponent in any specified direction of a (uniform) fluid pressure on any 
surface is equal to the product of the intensity of the pressure and the 
projection of the surface on a plane perpendicular to the specified 
direction. If we apply this principle to find the X component (see 
figure 2) of the pressure on the conical surface of the plug, let p be the 
intensity of this pressure; then the desired component is 

But this is also equal to our T;hence, # Huq od 


FAILURES 


Next apply the principle to find the Z component of the pressure on 

the right or left half of the conical surface of the ring. The desired 

component is 

pX}4(D+aa= 2Ta Qip sat oF 
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From the design shown by 4, figure 2, 0 is about 30 degrees or less. 


But this is equal to our P; hence 
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P por } 

=o Hoop tension in cross-section of bell. This area for class B 
30-inch pipe = 13.12 square inches. Thus for 45 degrees we have a 

P ti of? tad) 

— = 3000 pounds per square inches 

2 

a = 13.12 square inches Rie 


and for @ = 30 degrees we have a stress value of 5200 pounds per 
square inch. There is, of course, also the hoop tension due to water 
pressure on the inside of the pipe. For 60 pounds per square inch 
60 X 30 
2 square inches — 
pounds per square inch. Please note that this stress is small in 
comparison to the 5200 pounds per square inch caused by T. The 
combined tensile stress is 5200 plus 900 = 6100 pounds per square 
inch, which is well below the ultimate tensile strength of the cast iron | 
in the pipe, but is nevertheless higher than the safe allowable stress. 
If the metal of the bell is without a flaw, it may always be possible 
to pull a spigot from a bell in a lead joint without rupturing the bell. 
When the ruptured pipe was removed in breaks No. 1 and No. 2 in 
- our case, careful examination of the fractured cross-section of the 
metal in the bell was made. In each case an area was found in the 
— eross-section of the bell as shown in 4, figure 2. This area appeared 
to indicate an old crack and quite plainly showed from the presence 
of asphalt paint on the surface to have originated in the foundry 
prior to the dip into the paint vat. Since this crack did not extend 
through the full thickness of the bell, and because of the presence of 
the paint, the most minute inspection, including ‘‘ringing,’’ would 
probably not disclose the weakness. Having in the above hypothesis 
a plausible explanation of the break of the weakened bell, let us con- 
sider what might happen just after the rupture of the metal in the 
bell at the joint in question. By reference to 2, figure 2, with the 
line under a tensile load (7) when rupture occurs at (A), there is an 
instantaneous rearrangement of the forces, and since the joint has 
now lost its ability to withstand the axial load T due to the break in 
the metal and the lack of sufficient frictional resistance from the earth 
against the outside of the pipe, we should expect a considerable sepa- 
ration at the joint (A). We actually found that while all of the 
- joints adjacent to the break were “home,” the one at the break had 
- opened ,%,-inch in one case and }-inch in the other. After failure of 
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the bell this axial movement at the joint would easily tend to split 
the pipe further along a line parallel to the axis. The hydrostatic 
pressure inside of the pipe begins to exert its influence in an increasing 
degree as rupture progresses, and it is my belief that failure proceeds 
along the line a—b, (1), figure 2, under the influence of the combined 
stress caused by water pressure and that caused by 7’, and then along 
the line b—c, because the internal pressure causes a sufficient bend- 
ing movement along the line b—c to break out the piece a—b—c. 
This would explain the general similarity of the fracture in our case, 
as well as others investigated by the author. 

In pipe with greater wall thickness and with hydrostatic pressure 
like that in our case, I should expect the length of the “‘sliver” to be 
somewhat greater than that shown here. From our experience with 
the construction of this line and with its failure, the following observa- 
tions appear to be proper. 

(1) Breaks through the bell, particularly on large pipe, such as 
those discussed, are likely to be ‘‘wide open”’ and to result in consider- 
able incidental damage. (In our case the cost chargeable to the 
failures was $3700.00.) 

(2) Failures of this nature tend to encourage the use of substitute 
materials for cast iron water mains. Pipe founders should, therefore, 
renew their efforts toward more careful surface inspection in the 
region of the bell end. Because of the apparent effect of variation 
in the angle @ shown in (4) figure 2, the design of the bead on the 
spigot might be reconsidered. Entire elimination of the bead on 
the spigot may be advisable except on “‘specials.”’ 

(3) Enough jute or braided hemp should be used in a joint, (4) 
figure 2, so that no lead or compound may run up on the slope of the 
bead. 

(4) Perhaps it would be well to specify that on straight runs of 
pipe, pieces without bead on the spigot end be used at proper inter- 
vals. 

This paper is offered in the hope that it will stimulate a full dis- 
cussion by members, and thus bring out the experience of water works 
men with this important class of pipe failures. I desire to acknowl- 
edge the valuable assistance given by Prof. E. R. Maurer, Depart- 
ment of Mechanics, University of Wisconsin, in the development of 
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DISCUSSION 
J.P. Scuwapa (City Engineer, Milwaukee, Wis.): Mr. Miller’s 
paper is of particular interest to us at Milwaukee, because we experi- 
enced three similar breaks in 36-inch C.I. pipe in February and March 
of 1933. Since 1921, there had been only three minor 36-inch failures 
in our water main system and the occurrence of an additional three 
within a month of each other precipitated one of the most intensive 
investigations of water pipe failures which, to the best of my knowl- 
edge, has ever been made. The City of Milwaukee has been sub- 
jected to a damage suit of considerable proportions by an industrial 
plant which was flooded during one of the breaks. Because of this 
pending litigation and negotiations with the pipe company, I am not 
at liberty to discuss the results and conclusions of our investigation 
at this time. However, certain general facts and our method of 
analysis are pertinent to the subject matter of Mr. Miller’s paper and 
may be informative to others who have experienced pipe failures. 
An investigation of pipe failures must naturally cover many phases 
because of the various causes which may produce such failures. We 
spent three months gathering data, conducting tests and analyzing 
the results obtained to insure a fair and impartial analysis of the 
problem, because it was not our intention to allocate the blame un- 
less we were perfectly satisfied that the facts warranted such action. 
The three Milwaukee failures occurred in three different pipe lines 
in different parts of the city and subject to different traffic conditions. 
One main was laid in a major highway subjected to heavy traffic, 
the second in a residential street having normal residential traffic, 
and the third in an open field 30 feet from the street. The three pipes 
which failed were products of the same manufacturer and foundry as 
the pipe which failed at Sheboygan. The failures in each case began 
as a crack at the bell end, extending into the body of the pipe and in 
two cases breaking out a heart shaped section which is also similar 
to the Sheboygan failure. We studied the history of the pipe, traced 
its shipment by rail and water, its handling and its construction use. 
Each piece of pipe was rigidly inspected at its unloading at the pipe 
yard and ten cracked pipes were discovered in the load which con- 
tained the pipe which failed in service. As far as rigid visual inspec- 
tion could determine the pipe was free from any visible defects when 
placed in the ground. 
The possibility of unequal settlement or lateral movement, and the 
presence of water hammers, vibrations and electrolytic action which 
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are sometimes edwennes as causes contributing to pipe failures were 
thoroughly investigated. In the construction of large mains, it is 
our policy to record the elevations at each joint before backfilling 
and with these data available, it was a simple matter to obtain the 
settlement at the location of the failures. We were also fortunate in 
having pressure chart records in the vicinity of the breaks so that 
the possibility of water hammers could receive a thorough study. 
Our investigation to this point was probably no different from other 
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sit similar investigations, although it may have been more thorough than 
trial the average. 

this Various observations which we made during the first part of the 
not investigation led us to a very detailed study of the pipe itself, which, 
tion I believe, is a departure from ordinary practice in this respect. Such 
1 of an investigation entails a considerable expenditure, which probably 
and makes such work prohibitive in smaller cities, but in our case it was 
3, necessary to supply us with complete and impartial scientific data. 
abies Stress determinations, chemical analyses, metallographic examina- 


We tions and other pertinent tests were conducted to determine the 
quality of the pipe. We were, naturally, not equipped to conduct 


i this portion of the investigation unaided, but arrangements were 
tie made whereby the facilities and personnel of the A. O. Smith research 
ot laboratories were placed at our disposal. Here again, we were fortu- 
‘heh nate, because it is probable that there is no other organization in the 
vid country with better facilities to do such work. 

Se Not only were the failed pipe subjected to these tests, but also 
ie, other pipe in the same shipment and pipe of a different manufacture 
pes taken from stock. Thus we have a complete coniparative record 
as of several pipe subjected to the same tests. 

‘a An early observation in which we noticed the springing of the pipe 
rm out of shape at the point of fracture led us to investigate for internal 
ma stresses in the pipe. Six-inch rings were cut from the body of the 


od pipes and strain gage readings were taken across a series of gage 
points as various cuts were made relieving the strains within the pipe. 


“ The possibility of bell hanging stresses and stresses created by the 
‘a. expansion of the Leadite joints were similarly studied. 

my The chemical composition of the iron was determined at three 
Pa points ineach pipe. Asa result of this investigation we have included 


in our specifications for cast iron pipe, a table of chemical composition 
with which the pipe must now comply. This is very important for 
oh variations from the designated composition produce certain deficien- 
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cies in the quality of the cast iron. For instance, we know that high 
sulphur content produces hardness and brittleness and low total 
carbon while increasing hardness and strength, decreases fluidity and 
consequently develops a tendency for flaws in the pipe. The oxygen 
content of the cast iron was determined by a process developed by the 
A. O. Smith research department and is very important, because an 
excess indicates oxidation of the metal, a condition which produces 
brittleness, and shrinkage and other cavities. Oxidation is generally 
attributed to poor foundry practice. The quality of the pipe is de- 
pendent upon its chemical composition and this study was carefully 
executed in every detail because of its importance. 

A metallographic examination of each pipe also aided in determin- 
ing its quality. Photomicrographs magnifying the sections 100 and 
500 times were valuable in showing the structure of the metal. 

We also conducted several physical strength tests on standard 
transverse and tension bars cut from the pipes. Hardness tests were 
also performed. High hardness is undesirable because it makes the 
iron difficult to machine. It also conceals poor quality by increasing 
the strength of the iron thereby minimizing the effect of cavities and 
inclusions in the strength tests. 

This discussion indicates the extent to which we went to obtain 
pertinent data in respect to the failures in our 36-inch pipe. We 
believe that we have covered practically every phase which may have 
contributed to the failures. At a later time I shall be glad to present 
a paper setting forth in detail the results of our investigation. At 
this time I am not at liberty to do so. | 

(Presented before the Wisconsin Section meeting, September 25, 1934.) 
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THE WATER TRANSMISSION OF INFECTIONS, WITH _ 


SPECIAL REFERENCE TO AMEBIASIS a 
By Tuomas B. Macatu 


(Section on Clinical Pathology, The Mayo Clinic, Rochester, Minn.) 


It would be a matter of some embarrassment to me to address you, 
a group of experts in water sanitation, on a subject dealing with your 
specialty, were it not for the fact that it is important enough to justify 
its presentation from the standpoint of a biologist, a standpoint 
which, although desirable in engineering, is not always available. 
The biologist has the reputation at least, of dealing with things in a 
manner you consider too inaccurate for acceptance and even though 
he safeguards himself with standard deviations and probable errors, 
no one would want to build a bridge on his theory of evolution or 
put in a water distribution system on his plan of the blood flow in 
the body. 

Nevertheless, we do have a common ground in the matter of the 
transmission of disease of man by polluted water and much has been 
accomplished already by coéperation between health officer and en- 
gineer. In this state we are particularly blessed by such a coépera- 
tive scheme, which began so long ago that Minnesota was the first 
to write in her regulations the provision that no unsafe water supply 
could legally be connected to a safe supply and no significant differ- 
ence of opinion between the biologist and engineer has yet developed 
in determining what is a safe or an unsafe supply. But the applica- 
tion of this principle is not the easiest thing in the world and the 
public, which is neither biologist nor engineer, has violated, to its 
own sorrow, this fundamental principle, many times. 

For many years now we have clearly recognized the possibility 
and probability of the transmission of cholera, typhoid fever, and 
bacillary dysentery by water supplies. Indeed, almost every large 
epidemic of this character has been traceable to such means of trans- 
mission. While we feel very certain that many forms of bacillary 
dysentery are transmitted by contaminated water, we are quite cer- 
tain of our ground in regard to the transmission by water of typhoid 
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fever. Wolman and Gorman have clearly pointed out the importance 
of this matter in their study of water-borne outbreaks of typhoid 
fever during the decade beginning 1920. While many useful and in- 
teresting facts are brought out in this monograph, it is particularly 
significant that there were nearly 300 such outbreaks during this 
period in the United States and Canada, 

These epidemics are significant from a number of standpoints, not 
the least of which is the fact that they accounted for 12,772 cases of 
typhoid fever and for 924 deaths in a period of ten years, but other 
considerations concern us here. In the first place, more than two- 
thirds of the outbreaks in the United States, and three-fourths of 
those in Canada were in cities of a population of less than 5,000. By 
far the greater amount of water-borne illness resulted from defects in 
collection, treatment, storage, or distribution of water, and 40 per 
cent of the outbreaks were results of these defects rather than of pollu- 
tion of raw water at its source. Bringing the matter still closer home 
to this audience, one might point out that the evidence clearly sup- 
ports the contention that there were gross errors in administration of 
these water systems, and that inexcusable repetitions of outbreaks 
occurred in five cities, in one of these cities from the same cause that 
had accounted for the primary outbreak. 

The most important single cause of these outbreaks was unpro- 
tected cross connections between polluted fire or auxiliary water 
supplies. Finally, in connection with this matter, one cannot avoid 
ealling attention to the legal actions which have been taken against 
administrative officials in damage suits brought as a result of epi- 
demics of typhoid fever, and to emphasize the fact that several su- 
preme courts already have upheld suits of the victims. 

If one were to add to these epidemics those of bacillary dysentery 
which surely have been caused by contaminated water, the mor- 
bidity and mortality would be almost unbelievable, yet usually the 
measures of prevention of these types of epidemics are simple in 
character and positive in their effect. 

Yiilidizzoq silt basi 
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The possibility of the development of epidemics from water con- 
taminated by bacteria has hardly been doubted by any student of 
the subject since the earliest days of bacteriology, but that protozoal 
infections may be transmitted by water, and may occur in epidemic 
form, has been, by no means, conceded by more than a few proto- 
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 jelly-like substance, slightly larger than rove of an inch in diameter. 
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goologists. Although it is true that the human being may harbor 
at least ten different kinds of intestinal protozoa, there is lack of 
agreement as to how many of those actually produce disease. With- 
out begging a controversy on the subject, it may be certainly stated 
that at least two of these forms produce serious illness. 

Balantidium coli, a large ciliate much like the Paramecium with 
which you are familiar, is apparently transmitted by contact with 
farm animals and may, at least for the present, be excluded from the 
discussion. ‘The remaining protozoal form, Endamoeba histolytica, 
is without question a pathogenic form and its distribution is world 
wide. Unfortunately the parasite has been considered a tropical or 
subtropical species by most physicians, and this, probably as much as 
anything else, has accounted for the fact that it has not been com- 
monly recognized in temperate zones. However, we have no less an 
authority than Colonel Craig for the statement that somewhere be- 
tween 5 and 10 per cent of the people in the United States are infected 
with this parasite. As such a large number of individuals harbor 
the organism, it takes no imagination to see the possibility of the 
spread of the disease from one person to another. Indeed, one would 
have to have a very adequate explanation and one involving some in- 
tricate process in order to understand why the entire population has 
not already become infected. This explanation is found in the pe- 
culiar life history of the organism which differs in several essential 
features from the life history of a bacterium like Eberthella typhosa. 
Since a thorough understanding of the life history of Endamoeba 
histolytica is necessary in order to appreciate its epidemiology, I 
shall briefly review the essential features of it. 
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ENDAMOEBA HISTOLYTICA 


An ameba may be thought of as a small sphere of colorless, delicate, 


Normally it is not quiet, but moves by a characteristic motion com- 
mon to animals of this general type. ‘This consists of shoving out a 
tongue of the jelly-like material, which is called a false foot, then 
moving the rest of its body after the foot. The motion is like that 
of thick molasses flowing alone, and the tongue or foot can push tiny 
objects out of its way. Within the jelly-like substance, called pro- 
toplasm, is a tiny structure known as a nucleus, a sphere bounded by 
minute refractive granules, with a single granule accurately placed 
inthe center. Weare not sure about the food of the ameba, for some 
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may be absorbed as liquid material, but we do know that the ameba 
flows around red blood cells or corpuscles and engulfing them, pro- 
ceeds to dissolve and digest them. By this method the ameba grows 
until a physical law begins to operate on its body. Its volume grows 
by the cube while its surface grows by the square so that to accommo- 
date the surface to its volume it must divide into two. This it does 
by a simple splitting and its number is doubled. Thereafter each 
division doubles the population, barring accident, and one can read- 
ily see that millions of organisms soon come into being. What stops 
the process is not completely known, but concerning division of En- 
damoeba histolytica, we have evidence to point to the importance of 
the moisture content of the stool. As water is extracted from the 
fecal material in the colon, the process of division slows down and 
eventually stops. The ameba rolls into a quiet ball, and the outside 
takes on a peculiar refractive nature, like a membrane. This stage 
is known as the cyst stage as distinguished from the active stage 
which is known as the vegetative stage. By a curious and compli- 
cated process, the nucleus divides into two nuclei, then each divides 
again, and when the stage of four nuclei is reached, the organism is 
ready for the vicissitudes of the outside world, for by this time the 
fecal material is ready to pass out of the bowel. To live, the cysts 
must be kept moist, but our modern sanitary water closet furnishes 
the proper facility for this and the cysts frequently find themselves 
safely transported to some stream or lake. They may live outside 
the body for at least several weeks, but if they get back into a human 
host the cyst wall ruptures or is dissolved by the digestive juices and 
a kind of a mother ameba forms from each cyst; each nucleus rapidly 
divides once and the mother contains eight daughters. Each of these 
eight nuclei now breaks out with a bit of protoplasm and a new 
generation of vegetative forms begins. They find lodgment in the 
large bowel and begin life in the new host. 

From these considerations, it becomes evident that the organism 
does not multiply outside the human body so far as we know and 
hence if food and water be allowed to stand after contamination, there 
can be no reproduction of the organism in the medium. This single 
fact must to a great degree explain why the entire population has not 
already become infected with Endamoeba histolytica for it is incon- 
ceivable to understand how, if 8 per cent of the population were in- 
fected by an organism such as the typhoid bacillus and no specific 
methods were adopted for protection, it would not be long before most 


3 
1 
| 
! 
é 
¢ 
4 
2 . 


VOL. 27, NO. 1] WATER TRANSMISSION OF INFECTIONS 67 


of the population would be suffering from typhoid fever, since the 
organisms multiply outside of the human body. 

There is perhaps another consideration, however, and that is the 
susceptibility of the host and the size of the dose. So far as I know, 
there has been but one experiment on man to determine these two 
points. That is the classical experiment of Walker and Sellards, 
who fed to volunteer convicts the cysts of Endamoeba histolytica 
obtained from an apparently healthy carrier. Large quantities of 
these cysts were administered by stomach tubes to twenty volun- 
teers. Eighteen became parasitized but in only four did amebic 
dysentery develop. The incubation period in these four cases is 
important, and it varied from twenty to ninety-five days. Numer- 
ous experiments on animals, however, bear on this same subject. It 
is extremely difficult to infect kittens, which are quite susceptible to 
the disease, by feeding them cysts by mouth. Dobell stated that on 
an average in only one of seventeen so fed did the disease develop, 
and then only when huge amounts were fed. If the trophozoites 
are injected rectally into kittens, positive results may be obtained in 
about 75 per cent of cases, but here again large amounts of material 
must be used and some means must be employed to cause the material 
to remain in the rectum of the kitten for some time. 

The deductions from these observations seem surely to indicate 
that man does not become infected unless he ingests a relatively 
large number of cysts, and even then the incubation period may be 
very prolonged. It may safely be stated, therefore, that one may in- 
gest a few cysts and stand a very good chance of amebiasis not de- 
veloping in any form. 

It may be well at this point to recall the fact that amebiasis occurs 
in a variety of forms, but that for practical purposes we may recog- 
nize acute fulminating types of the disease, in which there is bloody 
diarrhea and in which there are masses of motile organisms. These 
organisms are not considered infective, at least when taken by mouth, 
and all of the evidence clearly supports the contention that they are 
not. The second type of the disease may be termed “chronic” and 
in this type the stool may be formed, the patient suffering either no 
symptoms or only mild symptoms and the stools containing cysts 
and less commonly motile forms. These cysts are considered infec- 
tive, and our evidence clearly supports this point. Hence, in general, 
the stools of patients with acute amebiasis are not dangerous while 
those of chronic amebiasis or carriers of amebiasis are potentially 
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dangerous. Before one can get an adequate idea of the mode of 
transmission of these cysts from man to man in nature some of the 
properties of the cyst must be understood. 

If the cysts are kept in a moist condition in the feces, they may sur- 
vive as long as a month, although most of them perish by the end of 
the third week. They will remain viable for more than a month if 
diluted with water, and if washed free of feces they may survive in 4 
temperature of from 12° to 22°C. for as long as 153 days. Under 
more favorable conditions, they have been kept viable for 211 days, 

Recently Spector and Buky have studied in detail the resistance of 
Endamoeba histolytica to desiccation, setting up the extremely 
practical experiment of contaminating their fingers with the cysts of 
the ameba as well as the trophozoites, allowing the material to dry 
on their fingers and at timed intervals testing the viability of the or- 
ganisms. They found that it was exceptional for a cyst to survive 
beyond ten minutes and that most were killed in five minutes. The 
trophozoites were killed in much less time. These experiments con- 
firm the earlier experiments of Kuenen and Swellengrebell and Wen- 
yon and O’Connor, who found that cysts died in a few minutes when 
dried in the air. The thermal death point of the washed cyst is 
approximately five minutes at 68°C. 

The effect of chemicals on the cysts has been studied at great 
length, and it has been found that bichloride of mercury in dilution 
of 1 to 1000 kills all of the cysts after four hours’ exposure. Solution 
of cresol, 1 to 20, kills the cysts practically instantly, and at a dilu- 
tion of 1 to 250 kills the cysts in fifteen minutes. Formalin, on the 
other hand, is not an effective killing agent for Boeck found that 
some cysts remain viable after five days’ exposure to a 5 per cent 
solution of formalin. The most important tests have been made with 
chlorine. Wenyon and O’Connor have shown beyond question that 
very strong solutions of chlorine have no effect on cysts. Even ina 
strength of 1 to 10,000, there is no effect on the cysts after several 
hours’ exposure. The significance of this statement becomes evi- 
dent when one recalls that this is 100 times stronger than chlorine, 
which is usually used for the sterilization of potable water. 
«Transmission by insects 

The possibility of transmission of cysts by insects has led to the 
study of the survival of cysts both on the feet and in the intestinal 
tracts of flies. Without demonstration, it would easily be understood 
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that flies crawling on infeeted feces could readily have their feet con- 
taminated with the cysts and could thus transmit them to food. 
Thompson and Thompson demonstrated that cysts could even. be 
ingested by the fly and pass unharmed through their alimentary 
tracts. Wenyon and O’Connor found that cysts would remain alive 
in the intestine of the fly for as long as twenty-four hours, and that 
living cysts could be found in the insects’ excreta at least sixteen 
hours after feeding on material containing cysts. Others have 
studied this problem and the evidence all supports the fact that 
these cysts may not only survive many hours in the intestinal tract 
of the fly but may be deposited alive in their feces. 

All of these properties of the cyst obviously have an important 
bearing on the method of transmission of which one possibility may 
be dismissed with but a few words. Because of the prevalence of 
amebic dysentery in dusty, dry countries, some have contended that 
the cysts were transmitted in the dust. The experiments dealing 
with the viability of the cyst under desiccating conditions would 
clearly eliminate such a possibility, since the cysts would not be 
blown until they were dry and would quickly die when this condition 
prevailed. For practical purposes then, one may eliminate the possi- 
bility of the transmission of the cyst by dust. 

The possibility that the cysts are transmitted by flies is a very im- 
portant one. Craig has described one epidemic which involved 118 
soldiers which he thought was caused by transmission of the parasite 
by flies. This occurred in El Paso where there were open latrines to 
which flies had ready access. Although the disease in that region 
was fairly common among civilians, there was no epidemic at the 
same time among civilians in the city who had the same water supply 
and essentially the same food. Craig thought the food of the soldiers 
was more generally exposed to contamination by flies since under the 
conditions of warfare, the sanitation in the camp was not ideal. 
While this seems to be the only recorded epidemic which can be at- 
tributed to flies, they must account for a certain number of cases 
throughout the general population. However, one must remember 
that flies must contaminate food which is kept moist fairly soon after 
they have themselves become contaminated. The possibility of their 
transmitting enough cysts to produce disease by carrying the cysts 
on their feet seems remote. Obviously, proof of the importance of 
the fly must rest on theoretical grounds, for experimentally it is al- 
most impossible to duplicate what would take place in nature. ert 
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Transmission by food handlers reo 


ih Until the now classic outbreak in Chicago, in 1933, the majority 
of investigators believed that the usual method of transmission of 
amebiasis was through the action of food handlers who were carriers, 
It seemed evident without too critical examination of the facts, that 
it would be possible for a carrier who was careless in his personal 
habits to contaminate the food or the drink of unsuspecting people. 
Indeed, a small outbreak of amebiasis in Chicago in 1926 was thought 
to be clearly traced to carriers in a kitchen and in a dishwashing 
establishment. In the light of more careful study, it becomes diffi- 
cult to see how food handlers could directly transmit the disease 
except under rare conditions. In the first place, it would take a 
considerable amount of fecal material to contain enough cysts to 
infect a human being. That one could obtain a dose sufficiently large 
enough at a single contamination seems almost unthinkable, except 


se : in those countries where sanitation is at such a low ebb as not to jus- 
iS tify use of the word at all. The possibilities of an individual accu- 
-_ mulating enough cysts over a fairly short period of time by this proc- 


ess is also difficult to comprehend. This becomes especially true 
when one recalls that the cysts die so shortly after becoming dry, 
which means that the feces, which were on the hands of the food 
handler, would have to remain moist in the food until eaten by the 
individual. The raw foods commonly thought to transmit the dis- 
ease are materials used in salads, such as celery, lettuce, leeks and 
onions, and fruits which may be served without washing. Such foods 
are usually dry, and frequently more than five minutes intervene be- 
tween their preparation and their consumption. While the matter is 
still open to question, it would seem safe to conclude that it prob- 
ably is rarely that amebiasis is transmitted directly by a food han- 
dler contaminating food, and that the contamination necessary to a 
large outbreak of amebiasis never could be transmitted by such a 
process. From aconsideration of the outbreak in Chicago, I hazarded 
this opinion before the work of the investigating committee had been 
undertaken, and my discussion is contained in the discussion of a 
paper read by Ikeda and published in the Journal-Lancet in Janu- 
ary, 1934. If food handlers are responsible for amebiasis, the correc- 
tion is self-evident. When carriers are discovered they should be 
treated until they are free of the infection. In any event, food han- 
dlers should be taught the fundamental principles of personal hygiene 
and the owner of the establishment should make sure that they prac- 
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tice these principles. If these precautions are taken, there certainly 
can be no hazard from such persons. 

The fact that Endamoeba histolytica has sometimes been found 
in several members of a family is frequently offered as proof that 
the infection is transmitted by a food handler who is a carrier, es- 
pecially if the housewife is shown to be infected. This does not 
constitute proof. Obviously members of a family are exposed to 
the same water supply and the same possibility of food contamina- 
tion from other sources since they live a large share of their lives 
under the same conditions. Rievtertonegh 
het! 
on 

A third method of transmission of amebiasis has been discussed in 
relation to the contamination of food by fertilization with manure of 
human origin and by the irrigation of truck farms by water contami- 
nated with sewage. That these methods are possible, especially in 
certain humid, unsanitated countries, cannot be gainsaid; but the 
possibility that this form of transmission occurs, at least in the 
United States, is extremely remote. 


Transmission by sewage irrigation 


Transmission by water 


We are left finally with the possibility of transmission of the disease 
by water, and it is here that the greatest strides have been made 
during the last year. It already has been pointed out that our ordi- 
nary method of taking care of potable water by chlorination has no 
effect on the cyst, and the viability of the cysts in water clearly indi- 
cates that water obtained from lakes or streams which receive sewage 
almost surely contains viable cysts in at least moderate numbers. 
The facts that we drink large quantities of water daily and that many 
water supplies are contaminated gives us a strong argument for the 
belief that cysts are transmitted by water. That waters are greaily 
and frequently contaminated by fecal material already has been 
clearly pointed out in the investigations of numerous men and par- 
ticularly in those of Wolman and Gorman. 

In this connection Clark clearly pointed out the fact that there 
was a sudden decline in the incidence of amebiasis on the necropsy 
service in Panama after the installation of a filtered water supply 
on the Isthmus in 1914. Previous to this time the rate was from 
10 to 35 cases of amebiasis found at necropsy, while after 1914, the 
rate dropped to one or two per year. No particular changes that 
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seem to bear on the subject other than the purification of the water 
have taken place. 

In my discussion of Ikeda’s paper, I pointed out that the outbreak 
in Chicago was violent, that the incubation period was short, and 
that the disease hit with deadly accuracy those who stayed even a 
short time in certain hotels. This led me to believe that the infee- 
tion must have been massive and the only possibility I saw was that 
a cross connection existed between the water and the sewer line and, 
as you already know, from published accounts, this was later clearly 
demonstrated. If the conditions found in the hotels involved in 
Chicago had been peculiar to those institutions, there would be no 
particular need for any further discussion of the matter, but the 
summary of the study by the sanitary engineers so definitely applies 
to many other buildings that it is worth while studying in detail 
some of these conditions. The following quotation from the report 
clearly sets forth these considerations. 


‘1, Old and generally defective water and sewerage piping layouts, poten- 
tially at least permitting back siphonage of a number of fixtures, such as bath 
tubs and flush toilets, into water lines. 

‘2, Chance breaks in sanitary sewers or heavy overflows of mixed sanitary 
sewage and storm water drainage in and outside of the basements. 

‘*3. Cross-connections of serious character between water and sewer lines or 
between water lines carrying potable water and water potentially subject to 
contamination. 

‘‘With reference to class 1 (old and generally defective water and sewerage 
piping layouts, potentially at least permitting back siphonage of a number of 
fixtures, such as bath tubs and flush toilets, into water lines), the water and 
sewer systems in both hotels are typical of layouts in the older buildings in 
Chicago and in other American cities. They are a potential source of danger, 
but do not, except under special circumstances, such as continuous overloading 
by capacity use of the facilities of the hotel, produce extensive pollution. 
Their hazard is of a limited, rather than of an explosive, general nature. 

‘In class 2 (chance breaks in sanitary sewers or heavy overflows of mixed 
sanitary sewage and storm water drainage in and outside of the basements), 
several events occurred during 1933 which may have some significance in 
determining the cause of the epidemic. On June 29, 1933, an unusually heavy 
rainfall (2.81 inches in twenty-four hours) occurred in the city of Chicago. It 
flooded the combined sanitary and storm water sewers of the city including 
those in the streets in the vicinity of these hotels. The flood waters pene- 
trated the basement of Hotel A through an alley manhole and reached the ice 
storage house, according to the statement of employees in the basement. This 
flooding extended over some hours. 

“The rain of June 29 was followed by a second unusual rainfall on July 2 
(1.63 inches in twenty-four hours). On this occasion, according to statements 


‘2 
a 


& 


VOL. 27, NO. 1] WATER TRANSMISSION OF INFECTIONS 


made by hotel employees in January, 1934, early in the morning of July 2, 1933 
(approximately between 2 and 3 a.m.), two sewers from Hotel C, discharging 
into the public sewer, broke. Sewage flowed back into the basement of Hotel 
C directly into the ice storage house. It is stated that a hole was torn in the 
wall and the floor of the ice storage house approximately 8 to 10 feet in diame- 
ter; the sewage rose to the ceiling of the ice storage house until its pressure 
forced one of the closed doors of the ice house open. The opening permitted 
the sewage to flow over a considerable portion of the basement of Hotel C. 
This sewage covered much of the entire food handling establishment of the 
hotel to a depth of 3 to 6 inches, according to statements by employees. 

“So far as the class 3 hazards (cross-connection of a serious character be-+ 
tween water and sewer lines or between water lines carrying potable water and 
water potentially subject to contamination) are concerned, a number of cross- 
connections were found and these have since been eliminated. Such cross- 
connections between sewers and water lines are significant as a public health 
hazard since they may permit sewage to flow into water lines.”’ 


I am sure you are more familiar with most of these considerations 
than I am but it will not hurt any of us to go over again in our minds 
some of the common sources of pollution of water which are local in 
character, so far as buildings are concerned, and which cause con- 
tamination of water in restricted areas without involving an entire 
community. Back siphonage from fixtures is extremely common, 


more so than at first might be thought possible. 

That such accidents actually occur in everyday life is evident from 
the experience of such sanitary engineers as Morris, who reported 
that in the residence of a physician an offensive condition of the water 
was noted on occasions. Investigations showed that the small sized 
piping and limited water pressure caused the contents of the second 
floor siphon-jet toilet, with flush valve, to siphon into the water 

_ system whenever a toilet was flushed on the first floor. He also 
recorded an instance in which water was drawn, by back siphon- 
age of a toilet on a higher floor, into the kitchen sink, Finally 
he described an oceasion in which a plumber called at a residence 
- to open up an overflowing toilet.on the second floor. The man 
closed a valve at the curb and opened a valve downstairs to 
drain the system. Much to his consternation, the highly offensive 
contents of the bowl were drained out through the flush valve into the 
rest of the system. 
= In testing these valves further, it was shown that it made little 
: difference whether or not the water entered the bow] at the top or the 
_ side, or whether or not the valve was placed at.a distance from the 
bewl. Bowls with siphon-jets could be back siphoned into the 
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general water supply in thirty to forty seconds at a high vacuum and 
in less than five minutes when the suction was only 2} inches. In the 
wash-down type bowls, without the siphon jet, any contamination ad- 
joining the under rim water outlets is sucked back into the water 
supply by a siphon, even though the bow] is not stopped up. 

Contamination of the sanitary water from this type of toilet may 
result even though the sewer line in the building is not plugged. 
Sometimes the sanitary sewers in the city streets become clogged 
and the sewerage backs up and overflows toilets, especially those in 
the basement. In some towns, the sanitary and storm sewers are 
connected, and during severe storms the sewers are so overtaxed that 
sewerage backs up. If drawdowns are made at these times or if the 
pressure on the water supply line fails, the content of the sewer will 
be drawn into the sanitary water system. 

Even under normal conditions, vacuums may be formed on the 
water lines of tall buildings, and many times throughout the day 
momentary vacuums form even though the pressures on the top floors 
are as great as 10 to 15 pounds. This condition is caused by greater 
use of water on the lower floors, or by a general drop in pressure on a 
portion of the distribution system. 

The plugging up of sewer lines, and the backing up of sewers from 
heavy rainfalls and peculiar local conditions, are of course, not at all 
infrequent, especially in those parts of the country which, being more 
blessed than the Middle West, obtain frequently heavy rains in a 
short period of time. Fire departments are frequently called on to 
pump out the basements of hotels and such buildings after such rains, 
and as a rule no one takes any precaution to protect the water in the 
building at the time. 

A common connection on steam tables in cafeterias and restaurants 
is made by connecting the hot water line where it enters the table 
into the sewer line. When sewerage backs up after heavy rainfalls, 
or under other peculiar circumstances, in such places, it is not at all 
impossible that there is contamination of the water. Moreover, this 
applies not only to the steam table but to the rest of the building as 
well. 

Direct and indirect cross connections between sewerage and water 
~ lines is so common that one might say it is universal. Not long ago 
- Connelly and Kegel called attention to this type of cross connection 
in practically every hospital in the country. In utility sterilizers, 
instrument sterilizers, bidets, and apparatus for washing bed pans 
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the water almost universally enters below the rim of the apparatus. 
It is in direct connection with the waste system and with the water 
supply, which furnishes constantly a potential source of contamina- 
tion of the rest of the water in the building and even in the distribu- 
tion system of the city. Drawdowns on lines of this type are not at 
all uncommon, as these pieces of apparatus are more or less compli- 
cated, and frequently require repair and reconditioning. 

It takes no stretch of imagination to see, if there is in the building 
or in the community a group of amebic carriers, how water connec- 
tions of this type can easily transmit the cysts to other people, and if 
there occurs, as did occur in Chicago, enormous and continuous over- 
crowding of a building, disaster is almost sure to follow; it may be 
considered lucky and not designful if such disasters do not occur. 

Prevention of transmission of amebiasis by water, although not 
simple, is by no means impossible. It is certainly possible and fea- 
sible to eliminate all cross connections in a water system. You who 
are experts in this field know exactly how to take care of such tech- 
nical matters. To be sure they involve additional expense, but, this 
expense is easily justified. However, one definitely has the problem 
in amebiasis of preventing contamination in the raw water at its 
source. In communities where water is obtained from deep wells 
this problem does not appear, for even though water is stored in 
tanks or reservoirs, these can be kept free from human excreta; when 
water is obtained from streams and lakes, however, this cannot be so. 
easily accomplished. ? 

The United States Public Health Service is already at work on the 
treatment of such waters, and Spector and Baylis have already con- 
ducted experiments on the value of filtration. The cysts of Enda- 
moeba histolytica are completely removed from water by coagula- 
tion and filtration through rapid sand filters, and it is quite likely 
that there are other methods equally effective. ; 

That raw water can be a source of amebic dysentery was ciearly 
demonstrated in an outbreak in a factory in Chicago where raw 
water from the drainage canal was unlawfully cross-connected into 
the sanitary water supply. } 
] THE BROAD TAPEWORM 

I cannot leave the subject of the transmission of animal parasites: 
by water without calling attention to the situation in regard to the 


broad tapeworm, Diphyllobothrium latum, which exists in an 
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demic region in northeastern Minnesota. The life history of the para- 
site in essence is as follows: The adult tapeworm lives in the intestinal] 
tract of man, and the eggs, which pass out with the feces, may find 
their way toa suitable lake. After about twelve days the eggs hateh 
and a small ciliated larva is freed from each egg. This swims about 
for a short time in the water and, if successful, finds its first interme- 
diary host. This is a small copepod and in this state is a species of 
Diaptomus. Entering this host, the larva lives for a minimum of 
about two weeks and, if the Diaptomus is ingested by a suitable fish 
host, the larva is freed and eventually comes to lie unencysted in the 
muscle of the fish. In this State, the fish hosts are perch, pike, and 
pickerel. If one ingests the improperly cooked flesh of these in- 
fected fishes, he will almost surely become infested with this tape- 
worm. 

The importance to us of this life history lies in the curtailment of 
distribution of the eggs of this tapeworm. So far as we know, such 
sewage treatment devices as Imhoff tanks and settling tanks of vari- 
ous kinds do not destroy the eggs or the ciliated larvae. In faet 
certain of these tanks act as incubation places, and the ciliated larvae 
are swept over into the lake when the tanks are discharged and are 
ready for their first intermediate host. It can be seen that while 
the form is not transmitted to man by the water he drinks, the water 
in which sewage is discharged becomes the source of infection. We 
do not know yet what types of disposal plants will safeguard lakes 
from pollution by this form, but it seems likely from experiments so 
far performed that if sewage is treated with chlorine or formaldehyde 
the larvae and eggs will be destroyed. It is unfortunate, however, to 
have to eall attention again to the fact that neither one of these 
reagents is effective against amebic cysts. 

While there is yet much to be learned about the transmission by 
water and the prevention of amebiasis and other diseases produced 
by organisms, it seems evident that we are far enough along in the 
study for the principles to be fairly clearly defined. While the biol- 
ogist will have to help the engineer, and he has already been of aid in 
the matter, the final correction of our sanitary water systems must 
rest with men who belong to your organization and to other similar 
ones. In this State you will, of course, find the hearty coéperation 
of the State Board of Health, and I have no doubt that similar co- 
operation will be extended in other states. 
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I am sure that you need little urging to recognize the importance a 
and desirability of taking immediate action to correct, at least in oo 
this State, those errors in sanitation which involve our sanitary water a a 
supplies. 
(Presented before the Minnesota Section meeting, September 20, -., 
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_ ANCHOR OR FRAZIL ICE AT THE BUFFALO INTAKE 


Yiasteorow: (Director of Water, Buffalo, N. Y.) f 


The Buffalo waterworks is provided with two intakes, both of 
which are exposed. The older intake built in 1873 and enlarged in 
1897, is located in Niagara River opposite the Massachusetts Avenue 
Pumping Station, and is connected thereto by two unlined tunnels 
through rock. These are gated off at the pump well in the station. 
This intake has not been used since 1926, but is kept in reserve for 
emergencies. 

The new intake is located in Emerald Channel at the junction of 
Lake Erie and the Niagara River, and is connected with a shore shaft 
at the Francis G. Ward Pumping Station at the foot of Porter Avenue 
through a 12 feet by 12 feet concrete lined tunnel, 6,550 feet long, 
driven through solid rock. From this shore shaft an additional 9 
foot tunnel, 4,286 Feet long extends to the Massachusetts Avenue 
Pumping Station. 

The Emerald Channel Intake is built on rock, and extends to 20 
feet above mean water level. It consists of two concrete concentric 
shells, one having a diameter of 110 feet, the inner one, 70 feet and 
filled in between with concrete 20 feet thick. 

The shaft to the tunnel is in the center of the interior chamber and 
a steel cylinder extends from the mouth of the shaft to 15 feet above 
the water line with four gates, each 5} feet by 6 feet to control the 
flow of water into the tunnel. 

Water from the lake enters the intake through 12 ports, each 6 feet 
by 6 feet and controlled by gates. The tops of these ports are about 
9 feet below mean water level and the bottom about 5 feet from the 
bottom of the channel. The top of these ports is about 2} feet above 
the bottom of the opening into the shaft. 

Since the construction of the new intake, trouble with frazil or 
anchor ice has been infrequent. The main ice trouble was due to 
ice blockades, causing the isolation of men maintained on the intake 
during the winter months. Due to these ice blockades during the 
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period when ice in the lake began to break and run down the river, a 
shift of wind would often cause the ice jams about the pier making 
it impossible to approach near enough to replace the men, or supple- 
ment them with provisions for a week at a time. 

Since July 1926, as an economy measure, no men have been main- 
tained at the intake pier and the equipment there has been out of 
commission. Very little money has been appropriated for intake 
maintenance. During the intervening period to January, 1934, 
trouble due to ice has been experienced but once. On this occasion, 
during the winter of 1930-31, the engineer at the low lift pump sta- 
tion in the filtration plant noted a recession in the water supplying 
these pumps. Upon notifying the Chief Engineer of conditions, he 
was instructed to shut down the pumps for 10 minutes, then start 
them again to create a surge and so break down the ice barrier. This 
process was repeated a number of times and finally the ice broke 
away and cleared up. 

Early in the morning January 4, 1934, from about 2:30 a.m. on, 
the operating force at the filtration plant noticed the water level 
from the intake in Emerald Channel was dropping very fast indicat- 
ing stoppage of the ports at the intake caused by ice. The Chief 
Engineer was notified and the low-lift pumps at the filtration plant 
were stopped to create a surge, hoping thereby, to force the ice from 
the intake parts. The pumps were started again and run for about 
30 minutes, when they lost suction. One low lift pump of 75 m.g.d. 
capacity was then run intermittently so as not to lose suction in 
effort to dislodge the ice at the intake ports. 

A pump supplying the low service was taken off to relieve the draft 
on the filtration plant, as the low service has ample reserve for several 
days in Prospect Reservoir. The pumps on the high service were also 
slowed down and the water in the Kensington Tower on this service 
began to fall from its normal level of 60 to 35 feet. Chlorination 
apparatus at the Massachusetts Avenue Pumping Station was pre- 
pared to be in readiness, should it be necessary to open the valve 
between the Massachusetts Station pump well and the tunnel shafts 
from the Niagara River Intake, and so admit raw river water. 

As there was no improvement in the supply from the Emerald 
Channel Intake by 6:00 a.m., the fire department was called upon to 
transport a force of men, led by the Division Chemist, Mr. Henry 
Wagner, in an effort to dislodge the ice clogging the ports. When 
they arrived about 7:55 a.m. they found the ports on the inner shaft 
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and all the outer ports, as well as the entire inner chamber, to be 
clogged with frazil ice, and immediately tackled the inner ports using 
high pressure streams from the fire tug, which were carried into the 
structure. At 7:00 o’clock another small, powerful tug was ordered 
sent out to the intake with additional help to clear the outer ports, 
At this time the pressure on the high service which normally is 85 
pounds had dropped to 60. The men on the small tug immediately 
began to loosen the ice clogging the first outer port at hand, using 
pike poles and steam lines connected to the tug’s boiler. The tug 
was moved ahead until the propeller was opposite the port. Lashed 
in this position, the propeller was driven at full speed, aiding greatly 
in forcing the ice away from the ports. This procedure was followed 
until all ports were cleared. By 11:00 a.m. ice had been cleared from 
sufficient ports to restore partial service, but it was 3:00 p.m. before 
all ports were entirely free from ice. 

In the meantime, the clear water reservoir at the filtration plant 
had dropped to the danger point and the filters were cut down toa 
30 m.g.d. rate delivered to the Ward Station and the 4 pumps at 
Ward Station and one at the Massachusetts Avenue Station were all 
slowed down to this rate. At 7:30 the pressure on the high service 
had dropped to 48 pounds and by 8:00 o’clock, there was no water in 
Kensington Tower. With no improvement, the valve admitting 
raw water from the Niagara River Intake to the Massachusetts 
Avenue Station was opened and the water effectively chlorinated 
with Mr. Wagner in charge. This intake also gave a poor flow at 
first, owing to anchor and frazil ice in the ports. Volume gradually 
increased, and at 10:00 a.m. 10 feet of water were in the tower. At 
noon the gauge at the tower showed 33 feet of water, and by 1:00 
p.m. the system was back to normal. 

The shortage of water was felt only in the high service system, 
which covers the northerly two-thirds of the city, but at no time was 
all of the system without water, there being about 20 to 30 pounds 
pressure in the business section during the lowest period. In the 
higher sections of the city, however, there was little or no pressure. 
The low service system on the reservoir was not affected. 

On Monday, January 22, 1934, frazil, and anchor ice again threat- 
ened to close up the Emerald Channel intake ports. This became 
apparent about 3:30 a.m. as water in the low-lift pump well began to 
lower. The low lift pumps were again stopped and started to create 
the desired surge. This procedure was followed continuously for 
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several hours. At 7:00 a.m. the same small tug used on January 4 
was sent to the intake with a force of men to open up the ports. The 
same procedure was followed as on January 4, excepting that the 
ports on the shaft were not found clogged at this time, although the 
inner chamber was filled with ice. However, the outer ports were 
found to be clogged solidly with ice, which was not readily freed. 
On this date, the lowest pressure; 55 pounds, on the system occured 
at 7:00 a.m. The water in the tower was at 17 feet. At 7:30 .a.m., 
water was taken from the old Niagara River Intake and by 8:30 a.m., 
there was 47 feet of water in the tower. 

At 9:00 a.m. there was a sufficient supply coming from the Emer- 
ald Channel Intake so that the supply from Niagara River Intake 
was cut off and the system was soon back to normal. 

At the time the present site for the Emerald Channel Intake was 
chosen, it was believed that the location was such that Buffalo would 
have no further trouble from ice sources as had been experienced for 
years with the old intake. Today it is believed that, were it not 
for the abnormally low level of the Great Lakes combined with an 
east wind, we would not have had ice trouble this year. The water 
level, over 3 feet lower than normal, is the lowest in history. How- 
ever, the fact that the water was low aided the tug propeller in fore- 
ing way the ice, as the water level was barely 6 feet above the top of 
the ports and the force of the propeller, therefore, more effective. 
While working at the various ports, it was interesting to see the 
lightening-like manner in which the frazil ice ran and attached itself 
to the masses outside the ports. All but one of the gates at the in- 
take were open at the time. 

On January 4, the temperature range was from 20°F. at 1:00 a.m. 
to 21°F. at 8:00 a.m. It was partly cloudy and there was slight 
wind from the east. The wind had been from the east on the two 
previous days. 

On January 22, the temperature range was from 41°F. at 1:00 a.m. 
to 37°F. at 8:00 a.m. It was cloudy and the wind was light and from 
the south. On the preceding day the wind was light and from the 

east. 
FORMS OF ICE ae 

Ice occurs in three forms namely, sheet, frazil and anchor ice. | 
Sheet ice forms on the surface, the increase in thickness taking place 
on the under side. This may be broken into cakes by wind, ete. 
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This type is not the cause of our intake stoppage, but has givey 
trouble due to packing up about the intake and preventing tugs from 
relieving men stationed there or to provisioning them. 
_ Frazil ice, also called ‘‘needle’’ or “‘slush’’ ice is frequently called 
anchor ice, although the method of formation is different. Fragil 
ice is surface formed and consists of needles or spicules which form 
when the surface of the water is cooled below the external freezing 
temperature, but are prevented from forming into sheet ice by agi- 
tation or velocity and currents in water. It is a light floating ice 
that will cling to every cold object it touches. Frazil has a lightning 
affinity for collecting, for attachment to anchor ice, or anything which 
is at a temperature exactly at or below the freezing point. It is 
always formed in an open channel or lake and ceases to form when 
ice sheet forms. Anchor ice forms on the bottom of a body of water 
as a result of the cooling of the bottom by radiation. It forms upon 
metal, rock or anything dark when water at the freezing point is 
agitated by coming in contact with these. 

The formation of anchor ice is accomplished only on cloudy days, 
oratnight. Sun will prevent it from becoming crystallized. Anchor 
ice will form upon any heat conductor which has a temperature be- 
low the freezing point of water, or by contact with the cold air. 

To avert a similar crisis in the future, with the aid of the Common 
Council, we have made provision for funds sufficient for the operation 
and maintenance of the Intake, together with tug service during the 
coming winter months. 

All the present equipment has been over-hauled and new equipment 
has been added. Catwalks to facilitate the removal of ice at the 
ports in the inner chamber are being constructed, and a movable 
staging suspended from the exterior baleony to expedite ice removal 
from the outer ports, is being installed. 

A two-way radio communication system is to be installed before 
the coming winter. 

The Chief Engineer, Mr. Howard Fitzgerald; Engineer in charge 
of Extensions, Mr. Wm. Grotz; Mr. Wagner, Department Chem- 
ist; and personnel of the Water Department deserve commendation 
for the facility and efficiency with which both crises were handled. 

(Presented before the New York Section meeting, October 11, 1934.) 
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THE NEED FOR MASTER METERS AND RECORDING 
INSTRUMENTS 


(Superintendent of Water Purification, Fredericksburg, Va.) 

A filtration plant or water system, efficiently operated, is a sanitary 
investment that yields dividends in dollars and cents as well as health 
and happiness. It has been said that ‘Eternal vigilance is the price 
of pure water.” Therefore, to conduct such an enterprise with 
success, it is imperative that the person responsible for its operation 
possess the necessary skill and intelligence to cope with the various 
problems arising in this field. 

Assuming, then, that the personnel in our plants meets the above 
requirements, it becomes none the less important that it be provided 
with the necessary equipment and scientific instruments which will 
enable them to obtain the best results in a safe and economical 
manner. 

Of the various mechanical devices designed for use in filter plants, 
master meters and recording gauges stand out preéminently as equip- 
ment which is vitally necessary, since the information they impart 
becomes the basis of all plant calculations and control. They bear 
a definite relation to practically every phase of the purification process, 
from the raw water stage to that of distribution. 

While a full complement of these meters and guages is, as a rule, 
found only in the larger plants, the writer wishes to name four which, 
in his opinion, are indispensable to efficient, intelligent plant opera- 
tion, and to illustrate the relationship mentioned in an earlier para- 
graph. 

1. The determination of the correct amount of coagulants is prob- 
ably the most important factor in plant operation. To put the results 
of these determinations into actual practice, one must know the 
amount of water to be treated which is passing through the plant. 
Hence, there is need for a master meter to supply this information, 
without which this all-important phase is reduced to haphazard 
guesswork, which more than likely results in undertreated or over- 
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treated water. Both conditions represent an expensive waste of 
chemicals and an unsatisfactory effluent. 

In some communities the rated capacity of the pumps is the factor 
used in computing the amount of water furnished to the consumers, 
When new, a pumping unit may approximate its rated capacity if 
operated under precisely the same conditions employed in its testing 
at the factory; but since these identical conditions can rarely be 
duplicated in actual practice, it may be clearly seen that this method 
allows considerable error which naturally tends to increase when 
parts begin to wear. The need for a master meter is equally apparent 
in this instance. 

2. The modern automobile, its dashboard literally dotted with 
gauges, can be used as a simile to illustrate further the importance 
of recording devices on filter units. What the oil pressure guage is to 
the automobile, the loss of head guage is to the filter. They stand 
as sentinels ready to warn when something goes wrong. ‘There is no 
need to mention what would happen to the motor if a loss of pressure 
indication in the oil guage went unheeded. Likewise on a filter, any 
unusual or sudden increase in the loss of head recorded on the guage 
would indicate instantly an abnormal condition requiring corrective 
measures. The importance of washing a filter promptly when needed 
cannot be minimized, because permitting an excessive loss of head to 
build up before washing means the passing of improperly filtered 
water with the subsequent spoiling of the bed and clogging of the 
underdrainage system. Loss of head guages are good insurance 
against ruined filters. 

3. The need for a speedometer on an automobile is quite obvious; 
and while it does not directly control the rate of speed, it does give 
information which enables the driver to stay within safe limits. We 
can compare this meter with rate of flow guages on filters, which are 
essential in maintaining a uniform flow which must not exceed the 
sanitary rate for which the units were designed. 

If ten persons were asked to estimate the speed of an automobile 
passing a given point, eight would be in error from 5 to 15 miles per 
hour; therefore, is it any more reasonable to expect an operator to 
control his flow accurately by merely opening or throttling a valve. 

4. Inasmuch as the water used for washing filters is water that has 
been treated and pumped, it is desirable to know what percentage of 
the total water pumped is utilized for this purpose so that its cost 
may be reckoned. ‘To insure a thorough cleaning, it is necessary to 
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wash filters at a standard rate, and a meter affords the only means of 
keeping accurate checks on these items. 

In summary, these devices properly used afford the means of ob- 
taining safe, economical operation and of providing valuable data 
which can serve as operating guides in the future. 

The continued operation of a plant in the absence of meters and 
recording devices constitutes a false economy. The increased cost 
of operation and the resultant waste under such slipshod methods are 
so clearly evident that no basis for argument remains against the 
installation of apparatus, the cost of which is cheap by comparison. 


(Presented before the Virginia Section meeting, July 13, 1934.) 
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MAINTAINING CARRYING CAPACITY OF CAST IRON 
b. MAIN BY INTRODUCTION OF CHLORAMINES | 
be 
Grorce C, Hopges anp J, WALTER ACKERMAN 
(Consolidated Water Company, Utica, N.Y.) 


It is, unfortunately, true that ferrous metals, when exposed to air 


and moisture, will oxidize unless they have been processed, covered 
or otherwise protected. 

It is also true that, up to a comparatively recent date, cast iron 
pipe, protected by an application of coal tar pitch or other asphaltic 
material, has been, almost universally, selected for water supply 
mains. 

After varying periods of time, depending upon the aggressiveness" 
of the water and the perfection of the protective coating, these cast 
iron mains will be found internally corroded and tuberculated to 
such an extent as to interfere with their carrying capacity, thus 
necessitating recourse to some method for removing the accumula- 
tions which, by their presence, interfere with the flow of water. 

Many hypotheses have been advanced to account for and explain 
pipe corrosion and tuberculation. Previous to 1931, these different 
hypotheses of corrosion were classified into three types. Self corro- 
sion was the result accompanying the contact of metals with water 
and free oxygen. Galvanic corrosion caused the results obtained 
when two different metals in contact at one point are immersed in 
water. Brass to iron fittings often lead to this form of corrosion. 
In some cases, free carbon in the graphite form, in the cast iron will 
yield the same results. Electrolysis corrosion covered the effect 
produced by stray currents from street railway systems, etc. 

In 1931, Messrs. H. G. Reddick and 8. L. Linderman injected a 
new, and in some respects, startling theory to account for tubercu- 
lation—the biological, or bacterial theory. In their paper pre- 
sented at the 1931 meeting of the New England Water Works Asso- 
ciation at Boston, these authors developed the thesis that the nodules 
and tubercles from old cast iron pipe possessed many characteristics 
in common, in composition, magnetic properties } 
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It is an accepted fact that certain important iron ores, such as 
bog ores, brown hematites, and ochres, have been formed by bacteria. 
Certain of these organisms possess the ability to collect iron from 
water and deposit it inside or upon their bodies. 

These iron ores have the same composition and possess the same 
structure as the main tubercles and therefore it is not unreasonable 
to assume that they originate from the same source, the “‘iron mon- 


gers,” or iron fixing bacteria. 


pipe: line wader 

sno Apwil, 1034) 1 EXPERIMENTAL DATA 
It is not the purpose of this paper to enter into a discussion of 
ered hypotheses, but to present the details and results of an experiment 
: the technical staff of the Consolidated Water Company has been 

7 conducting since December J3, 1933, a period of nine months. 
altic The physical features of the experiment, in other words, the ap- 
pply paratus used, consists of a 24-inch cast iron water main, 12 miles in 
length (laid in 1906 and constantly used since that time), conveying 
— the waters of the West Canada Creek from a State Barge Canal 

com reservoir at Hinckley to Marcy Summit, a distance of 12 miles. 
1 to This West Canada main was first put into service in 1906. We 
hus have no record of the value of “‘C” at that time, but in 1922, after 
ula- sixteen years of use, when the main was first cleaned by mechanical 


means, it had fallen to 90. It has since been similarly cleaned seven 
times, the last cleaning under date of April 8, 1934. 
rent _ The water of the West Canada Creek is derived from a watershed 


_ of more than 400 square miles of heavily wooded area, much of which 
ater is virgin forest. The surface is mountainous and abounds in igneous 
ned and metamorphic rocks, principally silicious, which yield an unusu- 
in ally soft water. The swampy lands of this West Canada Creek 
vie water-shed yield a slightly yellow water, having a color of 7 to 9 
p.p.m. 
ect In a conversation about two years ago, Mr. Lawrence Peck re- 
ferred to some observations that seemed to indicate that water mains 
d a carrying chlorinated water tuberculated more slowly. Just why 
raf these results should follow, it was difficult to understand. One 
a would naturally expect that the addition of such an aggressive cor- 
re roding agent as chlorine would aggravate and intensify corrosion 


trouble, and it was difficult to conceive of this chlorine treatment 
exerting a cleaning action upon the interior of the water mains. 


Then came the thought that, assuming the Reddick-Linderman 
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hypotheses to be correct, destruction of the ‘iron monger’’ bacteria 
would remove the cause and prevent tuberculation and accumulation 
of slime. 

The president and other officials of the Consolidated Water Com- 
‘pany were so impressed with the plausibility of this bacterial theory 
that it was decided to subject the idea to a large scale experiment, 

After cleaning the 24-mile Hinckley supply main by mechanical 


TABLE 1 


West Canada creek water 


CHEMICAL ANALYSIS— 

RESULTS 

p.p.m 
cos . bean. has. OF 1.3 
Total dissolved solids at 180°C. ................0.000005. 50.0 
Total hardness as CaCO; (calculated)................... 31.0 
TABLE 2 


Composition of material removed from 24-inch West Canada main—cleaning of 


April, 1934 

PERCENT 
and msotuble material... ... 6.7 


means, and carefully determining the value of “C,’”’ two Wallace & 
Tiernan dry feed, manually controlled chlorinators with ammoni- 
ators were installed at Hinckley, and chlorination of the entire West 
Canada supply was begun December 13, 1933, and has been contin- 
ued since that time. The quantity of chlorine applied per 24 hours 
is sufficient to carry a residual of 0.2 p.p.m. to the Bacot and Marcy 
Reservoirs of the company, a distance of approximately 12 miles. 
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At the beginning of our experiment at Hinckley, the chlorine de- 
mand was so great that we used 120 pounds of chlorine in treating the 
daily flow of 14,000,000 gallons of water, to maintain a residual of 
0.2 p.p.m. We now obtain an equal or greater residual with less 
than 50 pounds of chlorine. We believe this diminished demand is 
due to a changed condition of the pipe line interior, as the compo- 
sition of the water remains unchanged over long periods. 

It would appear that a progressive cleaning action is taking place 
in the pipe line under the chloramine treatment. 

Since April, 1934, after this main had been cleaned, the value of 
“C” in the Williams and Hazen formula has been determined a 
number of times, and up to the present time the results seem to be 
rather surprising and therefore all of the fundamental data have 
been thoroughly checked. 

The flow is indicated and recorded by a venturi meter and this has 
been frequently checked by a manometer and this in turn checked by 
pitot tube measurements after a careful traverse of the main at its 
two ends. 

As this is a gravity flow, the loss of head for the 63,000 feet is ob- 
tained simply by reading the level at the reservoir and the level at 
the Marcy standpipe, which is 50 feet high, at its other end, which 
floats on the line. ‘The standpipe elevation was checked this summer 
by measuring the static head while all use was suspended, pending 


On October 5, 1934, pitot measurements on each end of the line 
showed a loss and use of less than 2 percent, and on July 27, 1933, the 
Pitometer Company determinations showed a loss of use and waste 
of less than 1 percent. There are a very few farm uses and one in- 
termittent railroad use on this line. 

From all of our checks and computations, the carrying capacity of 
this main is at least equal, if not greater now than soon after it was 
cleaned in April. Irrespective of whether the values of ‘‘C”’ as have 
been determined by us are correct or not, they are consistent with 
each other, and since cleaning the line in April, this “C” value has 
been computed eight times, with an average value of 146, varying 
from 142 to 148. 

We are perfectly willing to let the scientific and theoretical indi- 
vidual take such attitude as he wishes to account for the results 
that have been obtained at Utica. We are not concerned whether 
it is iron bacteria which originally caused the trouble, or electro- 
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chemical action, or any other phenomenon. Our only claim is that, 
by application of chlorine and ammonia, with the characteristics of 
the water as shown in the tables, in a cast iron main, we have suc- 
ceeded in maintaining the carrying capacity of this line, which here- 
tofore, after each of the numerous cleanings, would lose up to 20 
percent or more in a period of six months. 
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PU UBLIC WATER SU PPLIES IN THE UNITED STATES AND 
POPULATION SERVED THEREBY* 


NUMBER 


PERCENT 


~ NUMBER OF COM- POPULATION OF STATE 
2.0 | | arm 
SUPPLY SUPPLY 
189 177 830,311 | 2,646,248 | 31.4 
54 54 202,727 435,573 | 46.5 
101 101 457,627 | 1,854,482 | 24. 7 
278 313 | 4,806,682 | 5,677,251 | 84. bs 
191 191 629,980 | 1,035,791 | 60. 
Connecticut.............. 97 139 1,430,705 | 1,606,903 89.0 — 
28 47 153,491 238,380 | 64. 
225 224 886,725 | 1,468,211 | 60. 
288 288 1,168,000 | 2,908,506 | 40. Ay 
498 560 | 5,991,287 | 7,630,654 78.5 
282 284 1,995,257 | 3,238,503 | 61.6 
< 543 543 | 1,341,798 | 2,470,939 54.3 
332 332 970,493 | 1,880,999 | 51. 6 
ae ee 171 175 889,183 | 2,614,589 | 34.0 
152 157 945,776 | 2,101,593 | 45.0 
159 155 569 , 454 797 ,423 | 71.4 
Maryland, including the 
District of Columbia...| 140 132 1,658,250 | 2,118,395 | 78.3 | 
Massachusetts............| 196 239 4,123,962 | 4,249,614 | 97.0 
Michigan... . vies. 353 397 | 3,584,274 | 4,842,325 74.1 
400 400 1,503,395 | 2,563,953 | 58.6 
Mississippi............... 184 184 362,311 | 2,009,821 | 18.0 
196 214 2,050,542 | 3,629,367 | 56.5 
112 105 241 ,033 537,606 | 44.8 
114 114 604,788 | 1,377,963 | 43.9 ‘it 
Nevada—1930—without 
Boulder City........... 38 43 72,875 91,058 | 80.0 — 
Nevada—1933—with 
Boulder City........... 39 44 79,875 98,058 | 81.5 
New Hampshire.......... 98 99 385,034 465,293 | 82.8 — 


© Presased by the American Water W cake Association for the National 
Resources Board, Water Resources Section. 
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PUBLIC WATER SUPPLIES IN THE UNITED STATES AND 


supplies. 


2. These figures are not completely accurate. 
piled from data received at the office of the American Water Works Association 
from the chief engineers of the state departments of health but the summary 
figures here given for each state are incomplete on account of possible errors 
both of interpretation and of computation at the A. W. W. A. office. 
the figures are those collected by the National Resources Board through their 
regional engineers in the different parts of the country. 

3. In most cases the populations here given as served by public water sup- 
plies are the 1930 census populations of the communities served. 
the states the populations are estimated for a date later than 1930. 

4. The office of the American Water Works Association requests the chief 
engineer of the department of health of each state to communicate with the 


h POPULATION SERVED THEREBY—Concluded 
ER | wunitrEs | OF COMMUNI- 
SUPPLY SUPPLY 
255 543 3,826,795 | 4,041,334 | 94.7 
New Mexico.............. 56 58 151,182 423,317 | 35.7 
678 973 11,500,000 | 12,588,066 | 90.0 
North Carolina........... 197 206 967,755 | 3,170,276 | 30.5 
North Dakota............ 59 59 152,653 680,845 | 22.4 
sR Se 362 442 | 4,813,137 | 6,646,697 | 72.4 
294 314 1,052,893 | 2,396,040 | 43.9 
299 366 600 ,000 953,786 | 62.9 
Pennsylvania............. 511 532 | 6,068,523 | 9,631,350 | 63.0 
Rhode Island—1930....... 41 41 638 ,377 687,497 | 92.9 
Rhode Island—1933....... 41 41 638 , 377 713,845 | 89.4 
South Carolina........... 79 84 424,255 | 1,738,765 | 24.4 
South Dakota............ 188 188 247 , 904 692,849 | 35.7 
166 166 1,014,218 | 2,616,556 | 38.8 
778 779 | 2,945,046 | 5,824,715 | 50.6 
218 222 378 , 782 507,847 | 74.6 
82 82 163 , 430 359,611 | 45.4 
252 243 972,613 2,421,851 40.1 
158 158 1,019,470 1,563,396 | 65.2 
West Virginia..,......... 244 258 673,832 | 1,729,205 | 39.0 
305 305 1,767,000 | 2,939,006 | 60.1 
58 59 100 ,178 225,565 | 44.4 
Totals—1930............ 10,790 (11,836 (77,523,414 |122,775,046 | 63.1 
- 


1. These figures include both publicly and privately owned public water 


Most of them have been com- 


In part 


In some of 


\ 
92 
ue 
a4 
5 A 
2 


ERCENT 
F STATE 
-OPULA- 
TION 
;ERVED 
Y PUBLIC 
WATER 
SUPPLY 
94.7 
35.7 
90.0 
30.5 
22.4 
72.4 
13.9 


2.9 


vob. 27, NO. yy PUBLIC WATER SUPPLIES IN UNITED STATES 


Association to the end of improving these figures, as of 1930 and as of a more 


recent date, if possible. 
5. The Association also wishes to obtain similar figures for the Canadian 


provinces and requests that the health authorities of the provinces communi- 


cate also with the Association to thatend. 
PAMOITYZAT OF 
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COAGULATION CONTROL WITH A RECORDING 
POTENTIOMETER 


Siney...... By Epwarp S. Hopkins 


(Principal Sanitary Chemist, Montebello Filters, Bureau of Water 
Supply, Baltimore, Md.) 


_ For the past decade, hydrogen-ion concentration, commonly known 
as pH, has been used to obtain information relating to coagulation 
control, corrosion correction, and other problems. Efficient utiliza- 
tion of this information demands maintenance of the proper pH value 
under every condition of service. 

With normal operating conditions in the average water plant, main- 
tenance of hydrogen-ion concentration between fairly wide limits pro- 
duces satisfactory coagulation control, particularly if the water is well 
buffered. However, with slightly buffered waters, or under condi- 
tions of flood, with resultant rapid change in turbidities and pH value, 
many plants find it impossible to obtain optimum floc precipitation 
without the use of alkali. If this extreme condition is not reached 
the increased dose of coagulant, together with the reduced buffer 
characteristics, caused by dilution, often produces rapid changes in 
pH values so that the usual “spot’’ colorimetric test cannot ade- 
quately control the plant, even when samples are collected at fre- 
quent intervals. 

Since the indicator color is also masked by suspended material, even 
though tested with the block comparator or similar device, erratic 
results will be obtained giving inefficient control. 

Many purification plants are forced to obtain water from a “‘flash- 
ing’”’ stream under these adverse conditions. At the time of greatest 
need the plant operator is faced with a difficult problem to maintain 
the proper pH value for good floc precipitation. Utilization of fre- 
quent colorimetric determinations, having a more or less limited 
value, particularly if very rapid buffer concentration and turbidity 
changes are occurring, is not satisfactory. 

The color tint produced by Brom Phenol Blue or Brom Cresol 
Purple will cause serious error, and Thymol Blue in artificial light 
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will usually be annoying. Cresol Red tints under certain conditions 
are difficult to match accurately. 


NEWER ELECTRODES 
Development of the sensitive in air tungsten electrode, replacing 
the older hydrogen electrode, made possible a “foolproof” device re- 
quiring little attention, for use with the standard recording potenti- 
ometer. In recent years the quinhydrone, antimony and glass elec- 
trodes having similar characteristics, have been used. These newer 
electrodes (2) have some advantage in plant operation. The quin- 
hydrone electrode is not easily poisoned and rapidly reaches equilib- 
rium, but may show serious error in unbuffered solutions. Its range 
is from 1.0 to 9.0 with an error of only 0.1 in well buffered water. It 
is very useful in the presence of oxygen and carbon dioxide and is 
practical in the average alum coagulating pH range. The glass elec- 
trode is excellent for use with sewage and industrial waste. In 
buffered solution it has a pH range from 1.0 to 9.6 with an error of 
only 0.05. Its accuracy is unimpaired in weakly or unbuffered 
solution, making it a flexible device. It is, of course, notruggedand 
must be handled with care. The tungsten electrode is very satisfac- ram 
tory between a pH range of 6.0 to 12.0. It gives accurate results if 
allowed to remain in contact with the water under test at least 24 
hours before connecting to the recording potentiometer. 

Measurement of effective acidity or alkalinity in aqueous solution 
by a potentiometer is based upon the electrical properties of the hy- 
drogen-ion. The hydrogen-ion concentration (pH) of a solution is 
determined by measuring the voltage produced by two electrodes in 
contact with it. One electrode, the tungsten for example, develops 
a potential that varies according to the concentration of hydrogen- 
ion present. The calomel electrode has a constant potential which 
is unaffected by the hydrogen-ion concentration. This difference in 
voltage is measured by the recording potentiometer, the precision 
of which is governed by the sensitivity of its galvanometer. 

These electrodes, therefore, have made available facilities for use 
with recording potentiometers over any range of hydrogen-ion con- 
centration, ‘in water and sewage plant operation. For many years 
their use was restricted to clear filtered water, primarily for the regu- 
lation of corrosion corrective treatment. When installed in a mix- 
ing basin, floc was precipitated upon them causing erratic operation 
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Coagulation with alum at pH values favorable to maximum pre- 
cipitation, without additional chemical regulation, is normal proce- 
dure in this plant. At certain periods, it is necessary to use iron and 
lime coagulants, at pH values approximately 9.0. Since lime is used 
to produce this alkalinity, it becomes apparent that some method of 
automatic pH measurement for routine control is necessary, particu- 
larly when it is remembered that the Thymol Blue indicator is dichro- 
matic under the influence of artificial light. 

For the past few years, tungsten electrodes have been in continuous 
service at Montebello actuating a recording potentiometer at pH 
values between 7.8 and 8.0. They are installed in the clear filtered 
water for the purpose of indicating the concentration of lime used for 
corrective treatment. 
al 

Realizing that this type electrode would be accurate in the 9.0 
pH range, it was decided to place a recording device in the mixing 
basin during the period of iron and lime coagulation, thereby assur- 
ing uniform floc formation and accurate manual adjustment of the 
chemicals. To prevent floc precipitation on the electrodes, the ap- 
paratus shown in figure 1, made entirely of standard laboratory equip- 
ment, was devised. 

The mixing basin in this plant is a ‘‘round-the-end” type. Cop- 
peras is introduced at the first ‘‘turn’’ and lime added at the second. 
At normal operating rate each “‘turn’’ is equivalent to about three 
minutes of agitation. Water is drawn by suction from the third 
“turn” of the basin through }-inch diameter rubber tubing, into the 
sedimentation bottle “‘A’”’ resting on the conduit floor. This bottle 
can, of course, be placed at any convenient point desired. All of 
the floc is deposited in the bottle and a comparatively clear superna- 
tant water passed through the electrode assembly ‘‘B”’ finally dis- 
charging into the ejector line of the Chapman suction pump “C.” 
The aspirator bottle ‘‘A’’ may be replaced by a common bottle carry- 
ing a two hole inlet stopper so arranged as to remove only the top 
water. Less friction, however, is developed with the first type of 
bottle. The water overflow of the electrode assembly “B”’ is stop- 
pered, maintaining a closed system. This assembly consists of the 
electrode inserted into the flow channel, with the constant voltage, 
mercury-calomel cell joined to it by a rubber gasket. The porous 
cup containing saturated potassium chloride solution, composing the 


DESCRIPTION OF APPARATUS 
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COAGULATION CONTROL 
liquid junction, dips into the flow channel. The electrode is con- 
nected to one side of the galvanometer actuating the potentiometer 
and the calomel cell to the other side. 

In this plant, the total distance between units in the system is 
about three feet, exclusive of that to the mixing basin. These units 
may be spaced at any point subject only to the limitations imposed 
by frictional loss. This system makes possible the constant bathing 
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of the electrode with comparatively pure water and assures accurate 
registration on the recording potentiometer. 


bis dtiw to 
OPERATING 


The practical value of this system has been shown by a number of 
experiments with iron and lime. The concentration of copperas was 
determined by coagulation efficiency and regulation of the lime was 
by manually adjusted orifices in accordance with the data shown on 


“act 
< 
re- 
ind 
sed 
of 
Cu- 
ro- 
us f 
pH 
red | 
for 
“4 
9.0 
ng 
ree 
ird 
1 y 
tle i 
of 
na- 
lis- 
top 
of 
op- 
the 
Ze, 
ous 
the 


4 


EDWARD S. HOPKINS [J. A. W. W. A, 


the recorder. Correct pH values were evenly maintained within 
narrow limits. 

It has also been demonstrated by Lauter (1) that pH values of 5.0 
to 7.0 using alum coagulant, can be easily reproduced by a flow type 
quinhydrone cell. If the system shown in figure 1 is installed on the 
mixing basin sample line, more consistent results will be obtained. 

CARE OF EQUIPMENT 

A recording potentiometer operates with little attention. Once 
_ weekly it is necessary to replenish the potassium chloride crystals in 
_ the porous cup and to renew the saturated potassium chloride solu- 
tion in the cell. The electrode must never touch the glass walls of 
_ the flow chamber or be permitted to become dry. Detailed operat- 
ing directions are, of course, supplied by the manufacturer of the 

equipment. 

The sedimentation bottle should be emptied once daily. This is 
- accomplished by removing the top stopper with the ejector in service. 
_ Never remove the stopper at the flow chamber overflow, as this will 
- eause the electrode to drain and produce inaccurate results for a 
= short period after service is renewed. 

Operation of this system should be regulated by a daily check with 
_ pH color standards. It is recognized that the hydrogen electrode is 
_ considered the usual reference standard for pH value, yet in practical 
- operation it is best to allow the electrodes under discussion to drift 
_ and compensate for slight errors by changing the adjustment on the 
_ potentiometer, as indicated by the color determination. A gradual 
e - decrease of 0.1 to 0.2 pH unit will occur weekly. This is not of se- 
rious importance and the life of the tungsten electrode is from 3 to 6 
: months, its failu re usually being caused by disintegration of the metal. 

7 Decided savings in chemical cost, apart from the accuracy of con- 
trol, more than justify the expense of the equipment. Over a period 
of three years, with and without potentiometer control, a lime sav- 
_ ing of approximately 0.3 g.p.g. was noted when coagulating with iron 
= lime. The added assurance of a constant alkalinity concentration 


in the water furnished the consumers, is of enormous benefit, 
particularly to laundries, steam generating plants, and other indus- 


CONCLUSIONS 
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trial users. Installation of a similar device would be advantageous 
in almost every plant. 
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Geo. ‘A. , Trans. Am. Task. Chesn. Eng., 29: 257, 1933. of 
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THE DESIGN AND OPERATION OF SWIMMING POOLS 
By J. H. Dorrouw 


(Department of Civil Engineering, University of New Mexico, 
Albuquerque, N. M.) 


The term pool as used in this discussion will be applied only to 
_ those artificial masonry structures of designed dimensions, having 
_ provision for treatment and circulation of water. The discussion 
_ will also be confined to public pools that are under the control of state 
or municipal bodies. 

The specifications given herein follow rather closely the reports of 
the Joint Committee on bathing places of the American Public Health 
Association and Conference of State Sanitary Engineers. A number 
of regulations of state sanitary boards have been reviewed by the 
a _ writer and general practice seems to follow this report. 


GENERAL FEATURES ty a q 


- Details of design of the structure and appurtenances will not be 
_ treated here as these follow more or less conventional methods. For 

aquatic sports the minimum width of the pool should be 30 feet, with 
= increments of 5 feet each. The length should be not less than 75 
feet. Black lines should divide the bottom into 5 feet longitudinal 
strips. A scum trough should extend entirely around the pool. 
_ Drainage of walks should be away from the pool, or the scum trough 
so designed as to receive this drainage. Concrete is the most com- 
mon structural material. The face finish should be smooth, and light 
my -inecolor. Smooth to facilitate cleaning, and light so that murky water 
. # and dirty surfaces may be revealed to the users, who usually demand 

7 at least the appearance of cleanliness. Tile makes an ideal finish, if 
funds are available, but white cement mortar, troweled smooth, is 
a — quite satisfactory. Painting the surface is not generally satisfactory. 


DEPTH OF WATER 
Most pools provide for 3 groups of users, waders, swimmers, and 
divers. Separate pools are often provided for waders. In some 
100 
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pools the entire area is used for aquatic sports. In these the mini- 
mum depth of water, as required for swimming, is 3} feet. For div- 
ing, the minimum depth should be 5 feet for platforms 1 foot above 
the water, the depth of water increasing about 1 foot for each 2 feet 
additional height of platform. The maximum recommended plat- 
form height is 10 feet with 9 feet depth of water. At least 12 feet of 
free unobstructed head room should be provided above diving boards 
for platforms. 


The number of persons using a pool at one time is usually limited 


by the space. Any area with water less than 3} feet deep must be 
classed as for waders. Water between 3} and 5 feet deep may be 
used by swimmers or waders. Waders will require about 10 square 
feet each. Swimmers should have 36 square feet each but, this may 
be reduced by 25 percent, or to 27 square feet to allow for swimmers 
not in the water. A definite portion of the pool may be allocated to 
waders by estimating the prospective number, or by assuming that 
the waders will not go beyond a certain depth, usually 5 feet. It is 
quite common to have 80 percent of the pool over 5feet deep Adiver 
should have a clear water area approximately 20 feet wide and extend- — 
ing 10 feet beyond the end of the diving board. Not more than 3 
divers should be assigned to this area of water at one time, with 6 
more climbing out or waiting their turn. Thus each diving board 
cares for 9 persons. an 
To illustrate. A pool is 100 feet long and 40 feet wide, has 800 
square feet of water Jess than 5 feet deep, with 2 diving boards ex- __ 
tending 7 feet from the wall. Whatis the capacity? The 800 square 
feet of shallow water can care for 80 waders. Each diving board will 
reserve an area 17 feet by 20 feet or 340 square feet and care for 9 
persons. The remaining area for swimmers is 2,520 squarefeet which _ 
will care for about. 93, making the capacity of the pool 191. A short- ro 
age of waders would increase the swimmers, or vice versa, in propor- — 
tion to the respective. unit areas required. 


By bathing load is meant the number of persons using the pool 
during any period of time. This number is limited both by the 
accumulation of dirt in the water and the requirements of steriliza- } 


tion. The Joint Committee Report specifies a bathing load of 20 — 


| 
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persons for each 1,000 gallons of clear water. The number of per. 
sons using the pool between sterilizations is fixed at not exceeding 7 
per 1,000 gallons of water in the pool. The report further prescribes 
permissible turbidity and bacterial quality of the water, 


bbe 


ulead 
BACTERIAL QUALITY 


The standards set by practice for bacterial quality vary between 


_ rather wide limits. Some merely fix the bathing load limit with no 


reference to bacterial quality. Some set requirements for bacteria] 
quality which must be brought about intermittently only. The best 


- and generally the latest practice requires a high degree of bacterial 


purity at all times while the pool is in use. The bacterial quality is 
usually specified in terms of total count after 24 hours of incubation 
on agar or on litmus lactose agar and positive findings for the B. Coli 


group. The committee report recommends that not more than 10 


percent of samples covering any considerable period shall contain 
more than 100 bacteria perc.c. No single sample to contain more 
than 200 bacteria per c.c. Not more than 2 out of 5 samples col- 
lected on the same day, or not more than 3 out of any 10 consecutive 


- samples collected on different dates should show a positive test in 10 


c.c. of water at times when the pool is in use. 
New York limits the total count to 500 per c.c. and the B. Coli to 
2 out of 5 positive in 10 centimeter samples. Asheville, N. C. limits 
the B. Coli positive to 1 out of 5 in 10 ¢.c. samples. New Mexico 
fixes the bacterial quality as the same as the U. 8S. Treasury Depart- 
ment standards for drinking water. These illustrations seem to 
represent the best practice. When we realize that the water in 
swimming pools is constantly exposed to contamination from swim- 
mers and taken into the mouth, ears, eyes, and nose, we endorse the 
New Mexico requirements. Clean, sterile water should be put into 
the pool, and sufficient germicidal material maintained in the water 
at all times to insure prompt destruction of added contamination. 
The chemical quality of the water is usually specified in terms of alka- 
linity, pH value, chlorine content or all three. Where chlorine is 
used, the available chlorine should not fall below 0.2 or exceed 0.5 
ppm. at any time in any part of the pool. The water must be alka- 
line and the pH value not below 7 or above 7.2, except that where 


_ 4% ammonia is added with chlorine it may be as high as 7.6. 
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} METHODS OF OPERATION b 


- There are three methods by which clean water is provided to meet 
the bathing load and sanitary requirements: fill and draw, continuous 
flow and recirculation. 

This method is usually used without treatment. The design of 

inlet and outlet pipes and provision for cleaning are very simple. 
The waste and supply pipes should have sufficient capacity so that 
the pool can be emptied, cleaned and refilled during the hours when’ 
itis not in use. This cycle should be completed every day but many 
pools are emptied on alternate days and some at less frequent inter- 
vals, without treatment of water. Fill and draw pools are not usually 


economical and — safe. Their use should be discouraged or con- — 

8. Continuous flow 


- Disinfectant is usually employed with this method. Here the 
amount of water added daily meets the bathing load requirements and 
requirements to keep down turbidity, and disinfectant is added in- 
termittently or continuously. With continuous addition of disin- 
fectant to the incoming water, and with piping arrangements that 
will secure prompt and uniform distribution over the pool, this 
method can provide very satisfactory results as to bacterial quality. 
Cleaning of walls and bottom may be by means of periodic emptying 
and refilling or by use of hand tools or a suction cleaning system. _ 
The clarity of the water will depend on the daily turn over, as ex- =, 


AC. of qurrent ti reversed 


In the third method of operation the water is circulated through © 


filters, with or without the addition of new water, usually with the : 
use of disinfectant. Here again the piping system should nl a 
uniform distribution of clean water over the entire pool. The state- — 
ment above with reference to provisions for cleaning walls and floors 
will also apply to this method. Suction cleaners may be operated 
by the recirculation pumps. They are to be strongly recommended. 
The choice between the method of adding new water and the method 


7 
of cleaning the water by recirculating it through a purification plant 
‘4 


is primarily an economic one. If our pool holds 150,000 gallons of 

water costing 10 cents per 1,000, with one daily turn over, the water 

bill of $15.00 per day would probably buy and operate a high grade 

purification plant. Any good type of filter may be used. Closed 

pressure filters are probably the most common. Hair catchers must 

be placed in the suction line. The capacity of the pumps, pipes and 

- filter plant must be sufficient to provide for the daily turn over, as 
‘Daily turn over bis 9 


This means the number of times each day the volume of mH water 

added is equal to the volume of the pool. If the piping arrangement 

_ is such that currents can be set up from inlet to outlet, the cleaning 

_ effect of fresh water is small on the pool as a whole. If the incoming 

_ water is distributed over the pool and promptly mixed, it can be 

_ shown mathematically that one turn over will remove 63 percent of 

- the dirt suspended in the water. Two turn overs will remove 86 

- percent and 3 will! remove 95 percent; 3 turn over will remove about 

37 percent. If we begin with a pool full of clean water, add 100 parts 

_ of dirt from bathers in 12 hours, and provide } a turn over each half 

day there will be an increase of dirt in the pool for a few days after 

_ which the dirt content at the end of each bathing period will slightly 

_ exceed the amount put in each day, or 100 parts. With 2 turn overs 

= 4 daily, equilibrium will result in a shorter time with about 42 percent 

of the daily application of dirt remaining at the end of the bathing 

period, or 42 parts. The dirt content during the hours of heaviest 

use will of course run higher. It is thus evident that one turn over 
each day is scarcely sufficient to maintain clear water, 
DISINFECTANTS 

Probably 80 percent of municipal pools in America employ chlorine 

in some form as a disinfectant. Continuous automatic disinfection 

with liquid chlorine or prepared hypochlorite solution is preferred in 

the best practice. The necessary alkalinity in the water may be 

_ provided by soda ash. Recent tests indicate that the ammonia- 

Ss method of treatment has some definite advantages. Resid- 

ual chlorine persists for a longer time for sterilizing immediately 

any pollution disseminated by bathers. Special equipment for 

4 supplying the ammonia, either in conjunction with the chlorine equip- 

_ ment or in a separate unit is available. Applying chlorine directly 
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to the water by diffusers produces about as satisfactory results as 
any intermittent system. Dumping bleaching powder into the water 
at intervals is the least satisfactory of all. At the best the chlorine 
added to the water in any form persists for a rather brief time. Some 
authorities say for not over 15 minutes, others say several hours. 
Any method of application that does not provide for prompt dissem- 
ination through the entire volume of water will of necessity result in 
an excess of chlorine in some places and a deficiency in others. The 
amount to add should be determined by frequent tests at various — 
points in the pool, and the free chlorine kept within the limits speci- — 
fied, usually 0.2 to 0.5 p.p.m. The Joint Committee recommends the | 
use of copper sulphate in conjunction with disinfectants to control — 
growths of algae. A minimum amount to produce the desired results — ‘a 

should be used. Copper sulphate alone should not be considered as _ 
adisinfectant. The use of ozone and violet ray, although long known: w i 
to produce sterile results, have not become sufficiently established =» 

to warrant detailed study. 


APPLICATION OF SILVER 


_ About 50 years ago a Swiss botanist named Nageli discovered that _ 
water, after long contact with metals, takes on definite germicidal _ 
properties. This fact was recognized and studied for years, but only 7 iv 
recently has a method of utilizing the knowledge been developed that 
holds promise of any general application. This method puts into 7 
the water minute particles of silver, so fine as to remain in suspension. — 
The apparatus comprises an insulated casing in which pure metallic | 
silver electrodes are mounted. Direct current electricity is applied _ 
to the electrodes from a storage battery or by means of a rectifier = 
from the A. C. mains. The direction of flow of current is reversed oe 
every few minutes. A part of the water from the circulating pumps — 
is by-passed through this apparatus and picks up colloidal silver dis- 
charged from the electrodes. The quantity of silver passing into the _ 
water is proportional to the strength of the electric current which in we. 
turn is regulated by a simple rheostat. The amount of the electric _ 
power required for an ordinary pool is usually less than 50 watts. | 
The amount of silver to treat a pool of 200,000 gallons capacity will 
probably be less than 1 ounce per day. When the activator is first — 
applied to a pool the amount of silver found in the water is much less __ 
than that which was applied, indicating that much of the metal ad- 


heres to the walls. The silver put in suspension in the water remains __ 


| 
AS 


__ there for weeks. These conditions probably account for the fact 

that the water remains germicidal for some weeks after application 
__ of silver ceases. 

A filter is usually employed in connection with the silver treatment, 

_ The action in the filter is purely mechanical, as bacterial life does not 

4 -_ develop. The writer has examined reports on 3 installations of this 

.3 type. One 423,000 gallon fresh water pool at the University of 


_ Frankfort was treated in 1932 over a period of about 7 weeks. The 


_ application of silver was suspended for as long as 12 days during the 
test. The report states that at no time could B. Coli germs be found 
in 1 ec. samples. 
One salt water pool holding 800,000 gallons located on the N. W. 
— coast of England not far from Liverpool, was treated in 1933 for 100 
7 days. The water was recirculated through filters at the rate of 
a: 000 gallons per hour, about 1 percent being by-passed through 
az silver activator. The activator was operated about 11 hours per 
day. The reports show that the results were very satisfactory as to 
es quality of water and that the algae were reduced substan- 
tially. 
This type of apparatus was installed at the Congressional Country 
_ Club pool in Washington which was opened on July 4 of this year. 
_ This pool is 100 feet long and 35 feet wide and holds 135,000 gallons 
of water. The water is recirculated, with 2 daily turnovers through 
filters and the silver activator. Several thousands of gallons of fresh 
_ water are added daily. My latest report on this pool was written 
on August 30. The pool had not been emptied since July 4; the water 
was reported as perfectly clear. The bathing load is at times high, 
reaching 700 per day during several days. Two highly qualified 
_ bacteriologists reported entire freedom from pathogenic germs at all 
times. A prominent chemist, a member of the club, tells me that 
: an has not been the slighest evidence of algae since the pool was 
opened. Some stress has been laid on this process because it seems 
to promise much and warrants further study. The apparatus is 
simple and inexpensive to build and operate. It involves no hazards 
to operatives or users of the pool. In England one pool tried out the 
apparatus in 1933 and 15 have installed it in 1934. 
In this paper the writer has touched on some of the more vital 
points involved in the design and operation of swimming pools, con- 
sidering the subject primarily from the standpoint of the engineer. 
— are problems such as inspection and supervision of bathers, 
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design and sanitation of bath houses, accessory equipment and many — 
others that are also of vital importance but beyond the scope of this 
paper. In conclusion let me remind you that the design, construc- 
tion and operation of swimming pools should be in the hands of ; 
trained experts. This provision for a splendid form of recreation is — 
growing rapidly in popularity. It is not generally a commercialized _ 
institution. It is fraught with all the hazards of municipal govern- i 
mental control. Water works engineers, superintendents and sani- 
tary officers will have to be the main dependence for the safe, com- 
fortable swim that the public demands. . 
(Presented before the Rocky Mountain Section meeting, September 4 
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A SOLID BRILLIANT GREEN LACTOSE BILE MEDIUM, 
FOR DIRECT PLATING, WITH RESULTS IN 
SEVENTEEN HOURS 


By E. Anp Frep O. ToNNEY 


(From the Section of Technical Service and Research Board of Health, 
Chicago, Ill.) 


Interest has increased in recent years in the use of brilliant green 
lactose bile, as a supplement to or a possible substitute for the stand- 
ard lactose broth medium of water analysis. This trend has been 
stimulated by certain negative aspects of the latter medium. Jor- 
dan (1) has stressed (a) the too frequent non-specificity of lactose 
broth for the primary colon group in some waters, (b) its over-sensi- 
tiveness in others—also suggested by us (2), and (c) the loss of time 
for control purposes during successive steps of confirmation. 

To meet these objections, Jordan has suggested planting the two 
media in parallel. When both are found positive, he regards the 
finding as specific for the presence of the coli-aerogenes group. If 
the lactose broth only is positive, however, he recommends another 
transfer to brilliant green bile, which, if then positive, would again 
be regarded as specific for the group, whereas if negative, further 
confirmatory evidence would have to be obtained. The purpose of 
this dual testing procedure was to gain in specificity and to shorten 
the time required by the completed standard methods. Of course, it 
did not yield quantitative findings which could be expressed in any 
reliable way. 

Our previous studies with ferrocyanide citrate agar (3) suggested 
the possible feasibility of converting the well known liquid brilliant 
green lactose bile medium to a solid form, suitable for direct plating 
purposes. The outcome of our effort in this direction is the pour 
plate medium here reported, which is necessarily altered in compo- 
sition, but contains all the ingredients of the original liquid medium, 
in concentrations to produce optimum growth of coli-aerogenes or- 
ganisms. In addition, ferric chloride, erioglaucine, basic fuchsin, 
and anhydrous sodium sulphite have been added in order to bring 
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out a color contrast between the coli-aerogenes colonies and those 
of extraneous organisms. 


FORMULA AND METHOD OF PREPARATION OF BRILLIANT GREEN 
bi LACTOSE BILE AGAR 
‘The double strength medium, for planting 10.0 ml. portions > 


A. The medium is made up in one liter or decimal multiples — 


thereof, as follows: 
To 947.0 ml. distilled water, add 20.3 grams of Difco Special Agar ® 


prepared for use with ferrocyanide-citrate agar. Autoclave or other- 
wise heat until melted; the autoclaving may require 45 minutes at — 
15 pounds. Then, make up the loss due to evaporation, if any. 

To the melted agar add the following paarguerres = liter: 


11.8 ml. 0.05 percent ox-gall, Difeo 
4.1 ml. 10.0 percent anhyd. sod. sulphite, C.P. Fresh 
3.65 ml. 4.25 percent basic fuchsin 
5.9 ml. 0.001 percent brilliant green 
0.9 ml. phosphate buffer solution 0.01 don, 
Key to specifications of ingredients im 


. Listed in Difco catalog as ‘‘Noble Special Agar.” 
f2. Difco ox-gall, alkalinized for the preparation of liquid brilliant green lac- 
tose bile. 7 
f3. Lot No. 850 tested by 8, Coleman & Bell, Norwood, Ohio. - 
f4. Certified by the Biological Stain Commission. Cert. No. CBg-3, Coleman __ 
& Bell Co., Norwood, Ohio. This solution is prepared wy a stock 0.1 . 
percent aqueous brilliant green solution by adding 1. 0m ml. 0.1 
99.0 ml. distilled water or proportionately. 
. FeCl;-7H,0, C.P. > 
. This is the phosphate buffer solution of Theriault, McNamee and Butter- a 
field (1931) Public Health Reports 46:19, p. 1084. Reprint No. 1475. 
Dissolve 34.0 grms. of KH,PO, in 500.0 ml. of distilled water, and adjust a 
ef to a pH of 7.2 with a 1-M NaOH; 250.9 ml. of this may be required. 
_ Make up the adjusted solution to one liter with distilled water. 
f7. Erioglaucine is a triphenylmethane blue dye. This dye is Schultz No. 506, 
Lot No. 3253, manufactured by the Pharmaceutical Division of the 
National Aniline & Chemical Co. Inc. : 
f8. Stock solution: 20.0 grams added to 86.7 ml. of distilled water. te 
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Note: 0.05 percent ox-gall, 0.1 percent brilliant green, 1.0 percent 
ferric chloride, phosphate buffer solution, 4.25 percent basic fuchsin, 
and 2.2 percent erioglaucine are kept as stock solutions well stop- 
pered, at ice-box temperature, except the last three which are kept 
at room temperature. Probably the phosphate buffer solution would 
keep as wellin the cold. We prefer to keep the fuchsin and erioglau- 
cine at room temperature, to avoid precipitation of the dye. 

After the peptone and lactose have been completely dissolved, place 
_ in bottles of the size desired, autoclave for 15 minutes at 15 pounds, 
- and store in the ice-box. Present indications are that it may be 
kept for about 25 days without deterioration. The agar is stored at 
ice-box temperature and may be re-melted two or three times. 


Alternate methods of preparation 


B. Dissolve 23.0 grams of Difco Special Agar * in 1070.0 ml. of 
distilled water, and make up loss if any. To the melted agar, add 


the following ingredients, bottle, and store as described above: 


4.3 grams lactose, C.P vised 

18.7 grams Difco peptone 


13.3 ml. 0.05 percent ox-gall, Difco * 
4.7 ml. 10.0 percent anhyd. sod. sulphite, C.P. fresh wilt hie 0 
4.13 ml. 4.25 percent basic fuchsin 
6.7 ml. 0.001 percent brilliant green 7 
6.7 ml. 1.0 percent ferric chloride ® 


1.0 ml. phosphate buffer solution © 


C. The following method of preparation also has been found quite 
Fe satisfactory. While the 23.0 grams of Difco Special Agar are being 
dissolved in one liter of distilled water, the following solution is 
prepared and then 130.0 ml. are added to the melted agar. 


d 


22.7 ml. 20.0 percent lactose, C.P. 
19.6 grams Difco peptone 
14.0 ml. 0.05 percent Difco ox-gall 

4.9 ml. 10.0 percent anhyd. sod. sulphite, C 
4.34 ml. 4.25 percent basic fuchsin onlant 
7.0 ml. 0.001 percent brilliant green ‘ tak 
7.0 ml. 1.0 percent ferric chloride hey ad 


1.1 ml. phosphate buffer solution * ated 
7.0 ml. 2.2 percent erioglaucine | 
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The mixture is then thoroughly stirred, bottled, and sterilized as 
previously described. 
The medium may be made up in proportionate amounts in any 
quantity required. 
To each 10.0 ml. portion of sample in the plate add 10.0 ml. of the 
double strength agar. 
Precautions: 1. Double strength medium is designed for use with 
10.0 ml. test portions of water. 
2. When 1.0 or 0.1 ml. test portions are planted, use single nema 
medium. Or, it is permissible to add 10.0 ml. sterile water to the 
plate before inoculation and then add 10.0 ml. of double strength 
medium. 
3. Large test portions must be combined with equal volumes of © 
double strength medium to maintain constant volume. =~ 
4. The plate contents should have a depth closely approximating — 
0.314 cm. Large test portions should be planted into plates or — 
dishes of suitable dimensions to give this depth. 


Plating directions 


@ 


The single strength medium, for planting 1.0 ml. or smaller portions 


To the inoculated plates, add 20.0 ml. of this medium: A, use 1947 _ fs 
ml. of water instead of 947.0 ml; B, use 2200 ml. of water instead of 
1070.0; and C, use 2130 ml. of aol instead of one liter. 


Incubation 


The best inoculation period for the new solid medium seems to be ‘fy - 
about seventeen hours at 37°C. The plates should be removed at ae ‘A 
the end of that time and read before the nineteenth hour—unless © 
the room temperature is near 90°F. when it will be wiser to read them _ 
sooner. For later reading, it is best to hold the plates at ice-box tem- a 
perature. These precautions make it possible to avoid the later 7 7 
development of extraneous colonies, which may resemble the coli- 
aerogenes group in some respects. 


APPEARANCE OF THE COLI-AEROGENES COLONIES 


The coli-aerogenes colonies are deep red at the center, with a pink ~ 
halo sharply outlined against a uniformly blue background.! 
tud 


Viewed with the illuminated counter previously (6). 


it 
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width of the halo is directly in proportion to the size of the colony 
and varies from a thin line to 0.45 mm. in thickness. The colonies 
vary from 0.4 to 0.8 mm. in diameter. The neutral blue color in the 
plate serves the sole purpose of giving a sharp color contrast at the 
margin of the colony. This blue color is not hard on the eyes, and 
gives rise to no complaint on the part of technicians, as a red back- 
ground sometimes does. Occasionally, the blue background of the 
medium changes during incubation to a light purple shade, but in 
our experience, this does not in any way interfere with the identifica- 
tion of the coli-aerogenes types of colonies. 

Some water samples give an abundant extraneous growth in this 
medium and also numerous “borderline” colonies, which are rather 


TABLE 1 
TYPE OF GROWTH ON E. M, B. 
number | Negative| Aero- 
SIZE OF COLONIES Coli type genes PERCENT 
growth 
Number failing confirmation 
7 13 13 2 35 31.0 
Medium.......| 270 2 5 15 5 27 10.0 
32 1 1 3.1 
415 9 18 28 8 
100 2.2 4.3 6.8 1.9 


difficult to identify, without practice, as belonging definitely to the 
__ eoli-aerogenes group. ‘The necessary experience in recognizing the 

- colonies is analogous to that required for typhoid colonies on any 
A differential medium. Familiarity with the colony characteristics is 

_ the important thing. There are three general sizes of colonies, viz., 

the large, medium, and small. 

Out of a total of 415 “‘coli-aerogenes type’’ colonies, picked at ran- 
dom from nine samples, only 2.2 percent failed to grow when trans- 
ice _ ferred directly to eosin methylene blue agar plates and standard lac- 

tose broth; 4.3 percent yielded non-typical colonies, 6.8 percent gave 

7 _ the typical “coli type” of colony, and 1.9 percent, the typical “‘aero- 
genes type.’”’ In all, 15.2 percent of the colonies failed to be confirmed 
by the Standard Methods. These consisted largely of the very small 


4 
a. 
a 


VOL. 27, NO. 1] 


BILE MEDIUM FOR DIRECT PLATING © 113 I~, 


This percentage of non-confirmations accumulating in each pro- 
gressive step is comparable with that which regularly occurs in the an 
routine tests of raw waters by the standard methods. Hence, we A 
believe a fair measure of the relative productivity of the new medium > Ves 
may be seen in the relationship of its indices based on net plate counts — 
to the indices obtained by standard lactose broth and by the liquid 
brilliant green lactose bile inoculated in parallel (see table 2). i 


i 


TABLE 2 
Index per 100 ml. 
20.0 5.6 — 
130.0 87.8 03.0 
288.0 104.0 2.4000 
410.0 332.0 
136.0 58.8 10.0 
204.0 93.0 101.8 
316.0 306.0 249.6 
72.4 40.0 
138.0 79.4 
184.0 85.8 14.20 
272.0 204.0 205.000 
190.0 86.0 
118.0 196.0 1299.8 
192.0 138.0 156.4 
110.0 43.0 
160.0 85.2 48.6 
360.0 272.0 321.0 


Table 1 shows the size and number of colonies, and also the number 
failing to confirm, distributed according to type of growth on eosin — 
methylene blue agar. 

It seems clear that the potential genuineness of a prospective coli- 
aerogenes colony varies closely with its size. As might be expected, — 
most of the failures to confirm occur in the small colony group, that 
is, in the colonies no larger than the dot over the letter “‘i’”’ of a type- 
writer. Added to this is the evidence that an appreciable portion of 
these small colonies give a coli-like appearance on E.M.B.—and hence 
might be regarded as “‘weak”’ strains of Bact. coli. At this point, 
it should be recalled that likewise coli-like colonies are found on the 
routine E.M.B. plates, which will fail to ferment lactose with gas 
production. 
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COMPARISON OF THE NEW SOLID MEDIUM WITH OTHER MEDIA 


A fair comparison of any liquid fermentation medium with a solid 
pour plate medium, involves not only the special physical factors in- 
fluencing bacterial growth, but also certain statistical complications, 

Recently, however, Butterfield (4) and Hoskins (5) devised 
practical method to accomplish this end. 

The method of comparison is a flexible one, and may be made on any 
desired number of fermentation tubes, in any number of dilutions which 
need not be in decimal sequence. Butterfield’s work was done with 
50 tubes each, in the series 0.1, 0.01, 0.001, paralleled by 50 plain 
agar plates, 25 of which were plenited at the beginning, and 25 at 
the end of the experiment. a. 

The plan of comparison for brilliant green bile agar # 

In order to subject the new medium to a fair and rigid trial, paral- 

lel tests were made with Difco liquid brilliant green lactose bile, 
_ with standard lactose broth (7) and with ferrocyanide citrate agar 
plates, using raw waters collected in the Chicago district. 

Fifty tubes each, of standard lactose broth and of liquid brilliant 
green lactose bile, were inoculated at each point in this series, with 
quantities of 0.5, 0.1, and 0.05 ml. In addition, 25 of the new bril- 
liant green lactose bile agar plates and 10 ferrocyanide-citrate agar 
plates were planted in parallel both before and after the fermentation 
media were inoculated. 

Thus, the chronological order of was 


. 10 ferrocyanide-citrate agar plates. 
. 25 brilliant green lactose bile agar plates. = 


50 tubes, standard lactose broth at the 0.5 ml. dilution. 

. 50 tubes, liquid brilliant green lactose bile, at a dilution of 0.5 ml. 

50 tubes, brilliant green lactose bile at a dilution of 0.1 ml. rola 
50 tubes, standard lactose broth at a dilution of 0.1 ml. ve | 

. 50 tubes, standard lactose broth at a dilution of 0.05 ml. 

. 50 tubes, liquid brilliant green lactose bile, at a dilution of 0.05 ml. 

. 25 brilliant green lactose bile agar plates. 
toll 
A quantitative estimate of the coli-aerogenes content of two raw 
. _ samples of highest and lowest bacterial density, previously held at 

a; .. ] ice-box temperature, was then obtained by an over-night incubation 

: of the brilliant green lactose bile agar plates. After suitable adjust- 


: - ments for volume were made, these yielded a composite raw test 
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water having a theoretical content of 50.0 coli-aerogenes engl a 
per 100 ml. a 
Parenthetically, it will be noted that the ferrocyanide-citrate agar Pha) 
plates require 42 hours of incubation; the two liquid media, 42-48 = 
hours, for presumptive results only, and the solid bile medium 17 © 
hours. All positive presumptive tubes in the liquid media must be — 
carried through the completed tests, according to standard methods, 
All confirmed positives in each series then had to be aque to the 
Hoskins (5) formula, for the ‘most probable number.” These values 
and the corresponding direct plate counts, are the ones used for the oe 


DISCUSSION 


|  evedtibon samples of water containing coli-aerogenes organisms = 

were tested with four culture media in parallel. Astothe numberof = 
test samples used, 17 seems relatively small, but it should be borne 
in mind that in our plan of procedure this number of 17 required the 
planting of 340 ferrocyanide-citrate agar plates, 850 brilliant green — 
lactose bile agar plates, and 5100 tubes of the several liquid media. 7 
Of the latter, no less than 1002 positive presumptive results, in stand- _ 
ard lactose broth, and 690 positive presumptive tests, in liquid bril- 
liant green lactose bile, had to be carried through the completed — 

tests of the standard methods. 

At the conclusion of this work, there still remained the computa- 4 
tion of the Hoskins most seobebie number from the confirmed posi- _ 
tives in each dilution series for each liquid medium. In addition, — 
there was the work of checking approximately 900 colonies picked — 
from the new differential medium. 

We present these facts to show that the seventeen samples used, _ 
involved an amount of data equivalent to many more samples, by 
the ordinary methods of comparison used. The results, we believe, __ 
are quite as significant as a greater number of samples tested in the — 
usual manner. 

The indices per 100 ml. obtained by all four of the media tested are 
shown in table 2. The percent relationships of the findings with each — 
are shown in table 3. : 

Before scrutinizing these relationships in detail, may we point out 
that indices derived from the liquid media by the procedure of Butter- _ 
field and Hoskins are more truly representative of the probable num- — 
bers than are the indices derived from calculation based on the con- 
ventional decimal dilution method of inoculation. | 
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The first relationship observed is that between the standard broth 
and the liquid brilliant green lactose bile. In this case the mean 
percent index of productivity of the lactose bile, compared with the 
standard medium, is 63.7. This figure is somewhat greater than it 
would otherwise be if an apparently anomalous item of 166.1 percent 
were disregarded. Without this item, the percentage would be 57.2 
percent. The brilliant green lactose bile agar indices of coli-aerogenes 
ss Results in percent of standard lactose broth 


1 28.0 49.0 130.0 
2 67.5 79.2 106.1 
3 36.1 7.0 tll 
4 81.0 65.7 
43.2 80.8 461.0 
sa 6 45.6 49.9 39.0 
munes 7 96.8 78.9 135.3 
BID: 8 55.2 90.6 164.3 
adel 9 57.5 116.7 156.2 
Sind pid 46.6 62.0 108.1 
ee? 11 75.0 75.4 85.9 
45.2 45.2 70.0 
Se 166.1 110.0 146.5 
71.8 81.4 162.1 
39.1 10.4 164.3 
16 53.2 30.4 97.8 
17 75.6 89.1 133.5 
ee 63.7 66.0 115.1 


colonies, when similarly compared, gave a mean percent value of 
66.0. 

_ Again, when compared with the corresponding findings of liquid 
brilliant green lactose bile, the solid medium gave a mean percent 
index of 108.7, as compared with the liquid medium. 

The ferrocyanide citrate agar index, in comparison with the stand- 
ard methods index, is of special interest. The corresponding figure 
for ferrocyanide-citrate agar, as compared with standard methods, 
was 115.1 

The data from these tests indicate that (1) standard liquid bril- 
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liant green lactose bile was between 36.6 and 42.8 percent less pro- _ 
ductive than the standard lactose broth, (2) new solid brilliant green 
lactose bile medium was approximately 34.0 percent less productive 
of coli-aerogenes organisms than the standard medium. 

However, when the liquid and solid bile media were compared in 
this manner, the solid medium appeared to be somewhat more pro- _ 
ductive of coli-aerogenes colonies than the liquid, the percent being 
108.7. Here again, if we eliminate one unusually high item of 203.0, — 

Index per 100 ml. Ee 


auues FERROCYANIDE-CITRATE AGAR SOLID B. G. LACTOSE-BILE AGAR 
NUMBER 
“Before” “* After’ “After” “Before” “After” “After” 
be percent percent 
te 1 19 33 173.6 Not available 
dong: 151 125 76.1 135 79 58.5 
aia 40 19 47.5 24 16 66.6 
wre 414 296 71.5 320 240 75.0 
we” 233 205 88.0 200 172 86.0 
bin 96 63 65.6 167 95 56.8 
‘nil 479 377 78.7 331 220 66.4 
a: 170 68 40.0 112 31 17.7 
1g 307 124 40.4 269 43 16.0 
oy 243 155 63.8 178 85 47.7 
Aig 263 204 77.6 304 185 60.8 
oct 219 47 21.4 205 27 13.2 
ie 173 Not made 215 166 77.2 
sli’ 401 222 55.4 246 73 29.6 
15 234 128 54.7 16 9 56.2 
wig 225 88 39.1 116 6 5.2 
17 552 410 74.2 460 258 56.1 


the relative productivity is reduced to 102.8 percent, in favor of the pt 
solid medium. 

It seems obvious from the data, therefore, that the new solid bile 
medium was at least as productive, on the average, as the older liquid ‘a 
bile medium. 

It is also interesting to note that ferrocyanide-citrate agar, with a : 
mean average of 115.1 percent, exceeded the standard broth in tes 
productivity in these tests. Yt 

Before attempting to interpret the relationships, however, another i 
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experimental variable which may have exerted an influence in these 
comparisons, must be considered. It was necessary to use raw Lake 
Michigan water to adjust the bacterial content. It was anticj- 
pated that the bacterial content of these test samples would be af- 
fected by the time consumed in the rather prolonged planting process 
of two hours. By this, is meant the normal decrease in the colj- 
aerogenes content of the test waters used. 

It developed that the decrease in bacterial content of the test waters 
was unexpectedly large. Table 4 shows the “‘before’’ and “‘after’’ direct 
plate indices per 100 ml. of the test samples, with ferrocyanide- 
citrate agar, and also with the new solid bile agar, as indicated in 
steps 1, 2,9, and 10 of the procedure outlined. The corresponding 
percent reductions in bacterial content are also shown. 

In order to assure conservatism in judging their relationship, the 
direct plating indices per 100 ml. for the two solid media were derived 
from the combined “‘before’”’ and ‘‘after’’ counts (see table 4). They 
represent therefore the average coli-aerogenes content, for the entire 
period of planting, insofar as it is possible to estimate. 

In any case, the indices derived from the solid media represent the 
maximum of change in the test samples, while the indices of the liquid 
media represent the period of least change in bacterial content. 

Any statistical error which may enter into these comparisons is 
therefore against rather than in favor of the two solid media. 

The loss in the test waters during planting amounted to from 12.0 
to 78.6 percent, with ferrocyanide-citrate agar, and 14.0 to 94.8 per- 
cent, with the new solid brilliant green lactose bile agar. 

The percent of productivity of the liquid brilliant green lactose bile 
in these tests was 63.7 of the standard lactose broth. This fact sug- 
gests that the bile medium is probably inhibitive to one or both types 


of the coli-aerogenes group (see table 3). ; 
CONCLUSIONS 


From the data thus far at hand, we are of the opinion that the new 
brilliant green lactose bile medium here described: 

1. Will prove to be a reliable substitute for liquid brilliant green 
lactose bile. 

2. Its preparation and use are relatively simple. nit: thea 

3. It is superior to the liquid medium in several respects. 

4. The short incubation period of 17 hours is of great practical 
- advantage, giving specific information on the incidence of coli-aero- 
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genes organisms more quickly and accurately than by use of the liquid 
fermentation medium. 

5. The productivity of brilliant green lactose bile agar was found 
to be equal to or somewhat greater than that of liquid brilliant green 
lactose bile, but both solid and liquid media were only about 60 to 
65 percent as productive as the standard lactose broth in these tests. 

6. The ferrocyanide-citrate agar used in parallel with the other 
media proved to be about 15 percent more productive than standard 
lactose broth, in addition to the advantage afforded by the separation 
of the coli-aerogenes group count into the sub-groups. 

7. The new solid bile medium offers sufficient promise, at this time, | 
to justify further experiment. i 

We have shown that the productivity of both liquid and solid 
brilliant green lactose bile is on the average about 65 percent of that 
by standard lactose broth in these tests. There seems to be a general — 
belief, however, among persons who interpret the results of water 
analysis, that the findings of the liquid bile medium are as a whole 
more closely in agreement with the sanitary conditions found, than’ 
are the findings of standard lactose broth. At any rate, it seems 
rational, in evaluating culture media, not only to check them against’ 
another medium, but also against the sanitary conditions found, in 
order to establish the most useful procedure for purposes of water 
control. 


media, that the degree of agreement to be expected between direct _ 
plate counts and indices derived from liquid media, will depend very | 
largely on the number of tubes of the liquid medium planted in each 
dilution, and also on the size and relationship of the dilutions used in © y 
the series planted. at 


of the Bureau of Laboratories, Board of Health, Chicago, Illinois, © _ : 
for their assistance in carrying out the technical procedures of this __ 
study. 
(Presented before the Annual Convention, the Water Purification 
Division, June 5, 1934.) 
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Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


De-aération of Boiler Feed Water: Instrument for Determining Dissolved 
Oxygen in Water. G. Damany. Chimie et Industrie, Special No., 268-74; 
June, 1933. From Chem. Abst., 27: 5850, November 20, 1933. In WINKLER 
method, presence of iron introduces error, each milligram Fe ++ * being equiva- 
lent to approximately 0.1 milligram oxygen. Author describes in detail con- 
struction and operation of light, portable apparatus which gives results un- 
affected by iron. Principle of apparatus is that of removing gases from water 
by vacuum, heating slightly toward end, measuring evolved gases, adding 
excess hydrogen, combining oxygen and hydrogen by means of heated platinum 
spiral and measuring reduction in volume. Advantages and accuracy of 
method are discussed. For volume of 0.5 ec. oxygen, accuracy is about i: : 
percent.—R. E. Thompson. 

Determining Iron and the Basicity in Solutions of Ferric Salts. A. L. ZaipEs : 
and V. N. SvESHNIKOVA. Ovladenie Tekhnikoi: Kozhobuvnoe Proizvodstvo, 
1932: 4, 45-7. From Chem. Abst., 28: 67, January 10, 1934. Directions 3 
given tes reducing ferric iron pithes with stannous chloride, or electrolytically. 
Basicity of ferric iron solutions is determined by titration with sodium hydrox- 
ide: when 3NaQOH are required for each Fe+** (as determined by reduction 
followed by potassium permanganate titration), basicity is called 100 percent. 
Basicity can be determined (1) by electrometric titration with glass electrode, 
and (2) by alkalimetric titration in presence of bromothymol blue.—R. E. 
Thompson. 


Microelectrolytic Determination of Lead. HerMANN BRANTNER and Friep- 
rich Hecut. Mikrochemie, 14: 30-40, 1933. From Chem. Abst., 28: 67, 
January 10, 1934. Series of experiments showed that microdetermination of 
lead as PbO, in nitrie acid solution is fraught with difficulties. For micro- 
determination, therefore, determination as lead picrolate is to be preferred to 
electrolytic method.—R. E. Thompson. 


The Properties of Bitumens and Bitumen Compounds of Importance for Use = 
in Protecting Pipe Lines Against Corrosion. J. Pu. Preirrer. Het Gas, 53: 
413-23, 1933. From Chem. Abst., 28: 85, January 10, 1934. Review of methods _ 
for determining penetration, and of ring and ball, melting point, Redwood 
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viscosity, flowing tendency, and brittleness tests of bitumens. Tabulated 
data and curves are given for typical examples. For use as pipe coating, zone 
of ‘‘asphalts’’ can be indicated on diagram of penetration at 25° versus melting 
point in which sets of curves represent coal tar pitch, ‘‘normal’’ asphalt and 
blown asphalt. For thin, 0.4mm., dipped, bitumen coatings, material should 
have penetration of less than 45 at 25°, less than 100 at 40°, minimum melting 
point of 52°, maximum working temperature of 200°, maximum brittleness by 
Fraass method of 15°, by Van Heurn and Bsceyn fracture method of 40°, 
Coal tar pitch type is generally best for this purpose. For enamel coatings 
(0.5 to 2.5 millimeters), applied by brushing, or centrifugation, brittleness js 
more important; blown asphalt is advisable, with or without fillers. No flow 
should occur at 40° at angle less than 45°. As to heavy, reénforced 
asphalt layers (with interposed fibrous layers of hemp, jute, wool, or asbestos), 
detailed description is given of application of Enamel HC of Batavian Petro- 
leum Co. for external and internal pipe protection. Coconut fiber reénforce- 
ment is used.—R. E. Thompson. 


Heating Parts Before Welding. C. C. Puares. Transit J., 77: 411-12, 
1933. From Chem. Abst., 28: 86, January 10, 1934. Preheating, before weld- 
ing, to insure uniform temperature throughout entire piece, cooling slowly 
after welding reduce local stresses to minimum and eliminate cracking.— 
R. E. Thompson. : 


Commercial Aspects of High Boiler Pressures. A. G. Curistie. Power 
Plant Eng., 37: 469-70, 1933. From Chem. Abst., 28: 238, January 10, 1934. 
Increased efficiency and lower plant investment are in favor of high-pressure 
_ boilers. Feed water requirements, while more stringent, are being met by 

new technique, involving soluble as well as insoluble salts.—R. E. Thompson. 


The Bacteriology of Water. E.S. Sroxes. Chem. Eng. Mining Rev., 25: 
61-3, 1933. From Chem. Abst., 28: 237, January 10, 1934. Review resulting 
in following conclusions: (1) There are no distinctive water bacteria. (2) 
Bacteria present, in absence of specific contamination, are derived from con- 
tact with air, or earth. (3) Number and species of bacteria found in water 
by ordinary tests only show those that will grow under conditions imposed by 
. ra test. (4) The Es. coli group of organisms is widely distributed in nature 
_ - There is no specific test to show whether, or not, any individual, giving typical 
_ a reaction of this group, has actually been derived from human source. (5) A 
_ water cannot be condemned merely on account of presence of Es. coli; but their 
_ number may be such as to excite suspicion and create demand for investigation. 
(6) Bacteriological examination is essential for checking efficiency of treat- 
ment plant.—R. E. Thompson. 


Filtration of Oil from Boiler Feed Water. Ratru B. Jounson. Repts. 
Assoc. Hawaiian Sugar Tech., 12th Ann. Meeting, 1933, 145-51. From Chem. 
 Abst., 28: 360, January 10, 1934. Oil may be removed by chemical coagula- 
tion, but this is expensive. Filtration has proved quite efficient for the pur- 

= either gravity filtration in tanks through fine bagasse, cotton waste, or 
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excelsior, or else pressure filtration through heavily woven cloth, in so-called 
grease extractors of Ross, Elliot, or Cochrane type. Filtration with Hyflo- 
Supercel in Sweetland filters is still better, although operating cost is little 
higher.—R. E. Thompson. 


Electromagnetic Thickness Tester for Corrosion-Resisting Coverings. E. — 
ScuweiTER and 8. Werkstoffe u. Korrosion, 8: 33-4, 1933. From 
Chem. Abst., 28: 450, January 20, 1934. Method of determining thickness of a 
non-magnetic coverings on steel or iron. Electromagnetic field is brought up a 
to coating by means of electromagnet. Current required is measured and from ~ 
calibration chart, coating thickness can be determined.—R. EZ. Thompson. 


Taste and Odor Control with Powdered Activated Carbon. F. E. Stuart. 
Engineering and Contract Record, 47: 675-6, 1933. Procedure outlined con- 
sists in applying carbon to filter influent to impregnate sand, so that treat- — 
ment may be immediately effective, and also to water prior to coagulation, 
for stabilizing sludge in basins, discontinuing later application to filter influent 
and increasing dosage at mixing basins, until a small amount is being carried — 
with water to filters. It is essential that portion of carbon should reach filters. — 
—R. E. Thompson (Courtesy Chem. Abst.). OR ste 

First Year’s Operating Experience at the St. Thomas Waterworks. W.C. 
Minter. Contract Record and Eng. Rev., 47: 471-4, 1933. Reconstructed 
plant consists of sedimentation basin, spray aérator, spiral flow conditioning 
tanks, settling basins, and rapid sand filters. Chlorine is applied before and 
after filtration. Rate of filtration is 110 m.I.g.a.d. and customary rate of 
wash, 30 inches per minute. Filters are not operated longer than 48 hrs. with- 
out backwashing. Wash water averages about 2.5 percent of water filtered. 
White enamelled basins, fitted with bottom mirrors, through which water from 
each filter passes continuously, were provided for inspection of effluents and © 
have proved extremely sensitive.—R. E. Thompson (Courtesy Chem. Abst.). 


Destructive Earthquake Centers on Long Beach, California. Eng. News- 
Rec., 110: 353-5, March 16, 1933. Brief details of damage wrought by earth- 
quake on March 10, and subsequently. Water supply was restored on second 
day over practically entire district and no important failure of water supply 
system was reported. As precautionary measure, public is being advised to 
boil all water, although tests show no pollution.—R. E. Thompson. 


Water Supply and Sewerage Facilities for the Fair. Paut Hansenand T. M. 
Nites. Eng. News-Rec., 110: 273-7, March 2, 1933. Design of water supply 
and sewerage facilities for Worlds’ Fair in Chicago is discussed. Water sup- 
ply, which will be drawn from city intake tunnel, will be treated by chlorina- 
tion only. Sewage will be discharged into city sewers. Budget allowance 
for both systems is $550,000.—R. EZ. Thompson. 


Inexpensive Water-Stage Recorder Developed. Eng. News-Rec., 110: 677, 
May 25, 1933. Brief illustrated description of water-stage recorder developed 
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by engineers of Los Angeles Flood Control District for recording fluctuations 
in numerous streams and washes which are dry except during heavy rains 
Instrument, which is inexpensive, has design features which avoid incon. 
veniences common to other recorders, most novel being simple method of 
reversing motion of recording pencil, the hydrograph peak showing in Opposite 
direction whenever stage exceeds length of record drum.—R. E. Thompson, 


Treatment of Water for Industrial Purposes. J. O. Meapows. Contract 
Record and Eng. Rev., 47: 475-7, 1933. Brief outline of requirements for 
various manufacturing establishments, including paper mills, cellophane fac- 
tories, textile mills, breweries, carbonated beverage plants, tanneries, winer- 
ies, milk sugar plants, and pulp mills, and of the purification processes em- 
ployed. At one paper mill, in order to avoid the capital cost of filter, up to 
200 pounds of chlorine per m.g. has been applied, effecting 70 percent reduction 
incolor. Wild yeast contamination in carbonated beverage factory was traced 
to air used in air-lift pump. Addition of second air filter to compressor reme- 
died this condition. In another instance, iron stains on leather during tanning 
were found to be due to corrosiveness, induced by alum, of local water supply. 
Difficulty was corrected by adding lime to filtered water. Chloramine treat- 
ment has been found very effective in controlling slime growths in pulp and 
paper mills caused by contamination with capsulated bacteria. Chlorination, 
even at high dosages, is ineffective, owing to rapid absorption of the free 
chlorinc.—R. E. Thompson (Courtesy Chem. Abst.). 


Oid Concrete Water Tunnel Inspected After 25 Years. Myron B. Reyno.ps. 
Eng. News-Rec., 110: 599, May 11, 1933. In answer to enquiry, flow, loss of 
head, and friction coefficient data are given for Blue Island Ave. tunnel, 
Chicago.—R. E. Thompson. 


Serving Local Community Needs Through Public Facilities. CHARLEs M. 
Reppert. Eng. News-Rec., 110: 620-4, May 18, 1933. Description and dis- 
cussion of public works in Pittsburgh. Water works improvement program, 
on which $5,500,000 has been expended and which will require additional 
$4,500,000 to complete, is outlined. Improvements to date have reduced 
operating expenses $256,000 per year, and revenue from water rentals has 
increased $229,000 in past 7 years.—R. E. Thompson. 


The Value of Laboratory Facilities for Waterworks Plants. A. T. Byram. 
Contract Record and Eng. Rev., 47: 308-9, 1933. Brief discussion. Ontario 
Department of Health maintains 8 laboratories and an experimental station, 
services of which are available free of charge. Importance of adequate records 
is emphasized.—R. FE. Thompson (Courtesy Chem. Abst.). 


Service Requirements Determine Public Works Construction. MAaLcoLm 
PirnigE. Eng. News-Rec., 110: 625-8, May 18, 1933. Discussion of existing 
conditions relative to public works. Public facilities, in general, are in- 
adequate and resumption of interrupted public works programs should be 
undertaken immediately.—R. E. Thompson. 
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The Citizen as a Stockholder in Public Facilities. Louris BrowNnLtow. Eng. 
News-Rec., 110: 628-31, May 18, 1933. Discussion of public works from above 
viewpoint. Of 10,789 water works systems in United States in 1932, 7,853 were 
publicly owned. In 1930, the 25 cities having more than 300,000 population 
had invested over 1.5 billion dollars in water systems, outstanding debts total- 
ing a little over 50 percent of that amount. Tabulation is included showing 
property value, debts, and equity of systems mentioned.—R. EF. Thompson. 


Court Holds Rates Must Be Responsive to New Conditions. Eng. News- 
Rec., 110: 668, May 18, 1933. Rate of return upon investment in public utility 
must reflect changes in general business conditions, according to finding of 
United States Supreme Court in decision rendered May 2, upholding California 
Railroad Commission in reducing rate which Los Angeles Gas and Electric Cor- 
poration may charge for gas. Details of decision included.—R. E. Thompson. 


Chlorine: What It has Done for Sanitation and Industry in Canada. Nor- 
man J. Howarp. Contract Record and Eng. Rev., 47: 297-9, 1933. Review 
of use of chlorine in Canada, particularly in field of sanitation. In 20-year 
period, typhoid death-rate in Ontario has been reduced from 26 to less than 2.5 
per 100,000 and rate for Dominion has been reduced from 10 to less than 4.5 
during past 10 years. Graph is included showing typhoid death rate and 
number of municipal water chlorination plants in Ontario during period 1909- 
1930.—R. E. Thompson (Courtesy Chem. Abst.). 


The Legal Aspect of Waterworks Administration. R.C. Harris. Engineer- 
ing and Contract Record, 47: 585-7, 591, June 14, 1933. Legislation under 
which municipally owned water works are operated in Ontario is outlined and 
discussed and court decisions relating to various phases of operations are 
reviewed. Duty to supply wholesome water is imposed upon owners of occu- 
pied premises, but no statutory duty is imposed upon municipalities to supply 
water. General acts on question of water works are permissive only. Once 
responsibility of supplying water is assumed, however, the provisions of Public 
Health Act apply, which require that supply be of good quality and so main- 
tained. Under Public Health Act, general supervision of all sources of water 
supply and control of pollution and disposal of sewage are vested in Provincial 
Department of Health. Early history of Toronto water supply and Toronto 
Water Works Act of 1872, under which water supply system, then privately 
owned, was purchased and since operated, together with additional legislation 
later enacted and court decisions relative thereto, are briefly discussed.— 
R. E. Thompson. 


Equipment Progress Aids Pumping and Distribution. THeopore A. LEISEN. 
Eng. News-Rec., 110: 754-6, June 8, 1933. Developments in fields of water 
pumping and distribution, with particular reference to latter half of past cen- 
tury, are discussed.—R. E. Thompson. 


Operating Experiences at the Water Filtration Plant of the Border Cities. 
J. Cuark Keitn. Contract Record and Eng. Rev., 47: 478-80, 1933. Am- 
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monia-chlorine treatment of raw water at rate of 1.5 pounds chlorine and 3 
pounds ammonium sulfate per million gals. has prevented occurrence of dis. 
agreeable tastes. Coagulant cost per unit of turbidity has been materially 
less with prechlorination. Filter beds are inspected monthly and specific 
gravity of filter sand is determined yearly, as check on coating on grains, 
Tabulations included show variations in raw water turbidity and filter per. 
formance records for several years.—R. E. Thompson. 


Deep Well Water Supply for Village of Nipigon, Ontario. Harrvix Qs, 
Cont. Rec. and Eng. Rev., 47: 215-20, March 1, 1933. Water supply of Nipj- 
gon, purchased from Canadian Pacific Railway, was found contaminated and 
condemned by Ontario Department of Health. New system has been con- 
structed consisting of 16-inch gravel-wall well, 150,000-gallon concrete reser. 
voir, floating on distribution system, and necessary mains, services, ete, 
Water is bacteriologically satisfactory, but iron content is high and variable 
and iron-removal equipment may be necessary. Cost was $40,000. Fire 
insurance rates have been reduced by 30 to 50 percent since system was com- 
pleted.—R. E. Thompson. 


Hydraulic Losses in Short Tubes Determined by Experiments. Jou A. 
Oakey. Eng. News-Rec., 110: 717-8, June 1, 1933. Data from tests con- 
ducted at University of Wisconsin on losses involved in flow of water through 
short tubes in sides of pipes. Each short tube was 3 diameters in length at 
shortest point and was mounted at distance of 3 feet from upstream end.— 
R. E. Thompson. 


First Municipal Zeolite Softening Plant in Canada. W.H. Waker. Con- 
tract Record and Eng. Rev., 47: 304-7, 1933. Plant recently installed in 
Etobicoke Township, Ont., is described. Supply, derived from wells, is hard 
and contains a considerable amount of iron. Plant consists of 4 greensand 
units, 12 feet in height and 9 feet in diameter, designed for flow of 3.8 gals. per 
minute per square foot of area. Some time after plant was started, many 
complaints were received regarding odors and rusty water at all dead ends. 
Wherever iron content was found to be excessive, dissolved oxygen was nil. 
Aération of softened water by free fall into reservoir eliminated all complaints 
within one month. It is believed that anaérobic conditions in distribution 
system resulted in solution of iron from old scale deposits.—R. E. Thompson. 


Directory of Waterworks Officials of Canada. Cont. Rec. and Eng. Rev., 47: 
317-21, March 22, 1933. Directory of engineers, superintendents, and com- 
missioners in charge of municipal water supplies in Canada, towns and cities 
being listed alphabetically according to provinces.—R. E. Thompson. 


Directory of Important Water Supply Systems of Canada. Cont. Rec. and 
Eng. Rev., 47: 322-4, 75-6, March 22, 1933. Authoritative and up-to-date 
data concerning water supplies of cities and towns throughout Canada (listed 
alphabetically) with populations of 5,000 and over.—R. E. Thompson. 
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West Eagle Mountain, Hayfield, and Mecca Pass Tunnels of Colorado Aque- om in 
duct. Eng. News-Rec., 110: 856, June 29, 1933. Contracts were awarded = ? 
June 2 by Metropolitan Water District of Southern California for construction - 
of 6 horseshoe-shaped, 16-foot diameter tunnels, totaling 8.93 miles in length. a 


Unit prices given.—R. E. Thompson. 


Solving Unusual Water Supply Problems at Brantford. FRANK P. ADAms. 
Engineering and Contract Record, 47: 583-4, 1933. Grand River, source of  . 
supply, is subject to extreme variations in flow, turbidity, and color. Ad- F 
mixture of water from infiltration basins, former source of supply, aids in 
maintaining raw water of uniform quality. With alum dosages as high as 
3 grains per gallon, mud balls were formed. Since prechlorination has been ae 
adopted, alum dosage has been gradually reduced to 0.5 grain, and mud balls — ° 
have disappeared. Filter runs average 48 hours, and wash water, 3.33 percent — i 
of water filtered.—R. EZ. Thompson (Courtesy Chem. Abst.). 


Chicago to Build 300-m.g.d. Pumping Plant. Loran D. Gayron. Eng. = a 
News-Rec., 110: 752-4, June 8, 1933. Project described involves abandon- 7 
ment of 3 old pumping stations, operating costs of which are constantly in- hi 
creasing through obsolescence, and erection of new one on site on West 7 0 ae 
Harrison Street at present occupied by one of stations to be abandoned. 7 
Installed capacity of 12 stations now in operation; 1866 m.g.d., 24 per cent of t. 
this being in triple-expansion steam pumps, 44 per cent in turbine-driven " 
centrifugals, and 32 per cent in electrically-driven centrifugals. New plant 
will be equipped with six 50-m.g.d. centrifugal pumps driven by synchronous) 
motors. Combined capacity of stations to be abandoned is 274m.g.d. Annual 
operating cost of new station will be $320,000, as compared with combined i“ 
cost for old stations of over $565,000. Construction cost is estimated at 
$2,327,000. Station will be supplied with power by 3 lines direct from 3 Edison _ 
generating systems. Construction will be commenced this summer.—R. E. 
Thompson. 


What Are the Prospects for the Extension of Water Softening? E. W. Joun-— . 
ston. Contract Record and Eng. Rev., 47: 301-3, 1933. In Ontario, where 
only one municipal softening plant is in operation, 85 municipalities are sup- 
plied with water having hardness of 200 p.p.m., or over.—R. E. Thompson — 
(Courtesy Chem. Abst.). an 


Long Cast Iron Main Taps New Well Field. Eng. News-Rec., 110: 487-90, 
April 20, 1933. New Ashland well-water supply system of Lincoln, Nebraska, 
is described and illustrated. In 1930, water famine was imminent and water 
from all wells in one of five groups from which supply was derived became 
salty. New system consists of five 25-inch wells equipped with deep-well 
turbine pumps with total capacity of 11 m.g.d., collecting main, 3-million- =| 
gallon reservoir and pumping station in Ashland, and 25.3-mile pipe line to _ 
existing 30-million gallon reservoir in Lincoln. About 4 m.g.d. can be safely 
drawn from wells in Lincoln. Pipe line, construction of which is described, 
is of cast iron, 36 inches in diameter, and equipped with four 24-inch automatic 
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cone valves to limit increase in pressure due to surge, or water hammer, 2-inch 
air valves at all summits, and 8-inch blow-offs at low points. Maximum leak. 
age specified was 100 gallons per inch diameter per mile per day and actual 
leakage, only 11.18 gallons (total of 7.01 gallons per minute). Total cost was 
$1,800,000, of which $1,309,000 was for main pipe line.—R. E. Thompson. 


Handling 2,000,000 Cubic Yards of Excavation at Boulder Dam. Eng. News. 
Rec., 110: 776-80, June 15, 1933. In 5 months elapsed since river was diverted, 
the 2 permanent cofferdams have been completed, canyon walls prepared down 
to El. 655 (10 feet above water surface), and over 800,000 cubic yards of gravel 
removed from river bed. Methods employed are described in detail.—R, §. 
Thompson. 


Statistical Survey of Ontario Water Works. A.E. Berry. Contract Record 
and Eng. Rev., 47: 295-6, 309, 1933. There are 282 municipalities in Ontario 
served by public water supply systems and 205 not so supplied, only 14 of latter 
having populations in excess of 1000. Systems are nearly 100 per cent publiely- 
owned. Approximately 60 per cent of supplies are derived from surface 
sources, 20 per cent from deep wells, and 15 per cent from springs. Over 45 per 
cent of water supplied is filtered, and over 80 per cent is chlorinated.—R. E, 
Thompson (Courtesy Chem. Abst.). 


Nineteen Contracts Under Way on Colorado River Aqueduct. Eng. News- 
Rec., 110: 678-80, May 25, 1933. Active work is in progress on 19 contracts 
to provide roads, power, communication, and water supply along route of 
Colorado Aqueduct. Tunneling operations have been started at several 
locations and preliminary work is under way on 13-mile San Jacinto tunnel, 
longest bore of project. As most of route is through mountainous desert 
region, water supply during construction is serious problem, requiring exten- 
sive facilities —R. E. Thompson. 


_ Ottawa’s New Filter Plant. W. E. MacDonatp. Contract Record and 
Eng. Rev., 47: 289-94, 1933. Description of new 35-m.g.d. plant, treating 
Ottawa River water, which is highly colored and sometimes turbid. Total 
hardness is only 29 and alkalinity, 19to 23 p.p.m. Plant consists of spiral-flow 
mixing units providing 40 minutes retention, settling basins providing 3 hours 
retention, 10 rapid sand filters, filtered water reservoir, and chlorination equip- 
ment. Rate of filtration is 108 m.I.g.a.d., and rate of backwash 30 inches per 
minute.—R. E. Thompson (Courtesy Chem. Abst.). 


Hazardous Tunneling at Hetch Hetchy. Eng. News-Rec., 110: 701-4, June 
1, 1933. Serious explosion due to methane in Coast Range tunnel necessitated 
extensive revision of equipment and methods, causing delay of about 6 months. 
In addition, heavy squeezing ground along extended section necessitated 
substitution of gunite sublining for timbering. Methods employed in com- 
bating these conditions are described. Tunnel is 10.5 feet in diameter (in- 
ternal) and 28.6 miles long, capacity being 250 m.g.d.—R. E. Thompson. 
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and R. M. Wynne-Epwarps. Eng. News-Rec., 111: 9-11, July 6, 1933. _ 
Methods employed in sinking concrete caisson, 14 feet in internal diameter 
with 5-foot walls, to depth of 130 feet to rock by open dredging is described. 
Shaft, which will be 400 feet deep, will be starting point for 3100-foot tunnel | 
to be driven by Greater Vancouver Water District under First Narrows, at — “> an 
entrance to harbor, to replace present system of submerged mains. Removal _ 

of large boulders by blasting under 100 feet of water and final jetting through 

15 feet of shale featured work.—R. E. Thompson. pad 


Difficult Caisson Sinking for Vancouver Water Tunnel. WILLIAM co "i 


Journal of the New England Water Works Association, 47, 4, December, 1933. 
Group Management of Water Companies. Rirves J. Newsom. 337-42. Ad-— 
vantages and disadvantages of group management are contrasted. Typical © 
set-up is outlined for corporation operating subsidiary water companies. — 
Management of a Municipally Owned Water Works. Leann G. Camron. 
343-62. Management of Springfield, Mass., municipal water works is de- 
scribed. Uniform accounting system is used. Some Phases of Southern New — 
England Hydrology. Cates 363-448. Exhaustive study 
over twenty-year period of rainfall and runoff conditions on present and pro-— 
posed sources of water supply for Hartford, Conn., Metropolitan District, in _ 
order to determine safe capacity during seasons of drought.—T’. F. 


Donahue. 


Corrosion Problems. IV (see Tuis JourNnaL, October, 1933, p. 1453). a 
Nickel, Tin, Zinc and Alloys. E. Naumann. Gas- und Wasserfach, 76:9, | 
146-147, March 4, 1933. Nickel is used in water fittings and is very resistant 
to hot and cold water, a green oxide forming on contact with air and water. 
Most important alloys are Monel metal, nickel steel, and nickel cast iron, but, 
although corrosion proof, they are too expensive for general use. Tin is more 
expensive, but more resistant, than lead, and is used forcoatinginterioroflead __ 
pipe, but any pinholes result in electrolytic action. Water containing traces 7 
of tin is not often met with, nor are traces of tin dangerous to health. Bronze 

is very resistant to water. Zinc is attacked by water and soil, more strongly - 
when impure, but has little poisonous effect. Zinc, as coating for steel pipes, 4 
is applied by dipping, by electrolytic process, or by spraying. Withaggressive _ 
water, zinc gives less permanent protection, but with ordinary cold water, it 
delays the attack on iron. With hot water, pitting occurs; and in open tanks, © 7 
there is rapid action at the water line. Zinc has little poisonous effect.— _ 
W. G. Carey. 


Operation of the Divining Rod. Butn. Gas- und Wasserfach, 76: 22, 452- 
453, June 3, oe Site of new — yielding 360 cubic meters eee U. S. 


divining rod. Forces which move nen rods are due to dhetetiends in elesttical 
field in air, due to water, or to ore deposits, or hollow spaces. Rod conducts 
such forces to diviner, causing muscular reactions. Distance of water below _ 
surface cannot be gauged by this method.—W. G. Carey. : 
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Extensions of the Metz Waterworks. M. Scuutz. Gas- und Wasserfach, 
76: 12, 220-223, March 25, 1933. Since 1932, water supply has been supple. 
mented by 65 wells, total yield from all sources being 30,000 cubic meters (55 
million U. 8. gallons) per day. Experimental bore yields water having pH of 
7.85, with free carbon dioxide of 18 p.p.m. and total hardness of 288 p.p.m, 
Descriptions of collecting tanks, pumps, and of iron and carbon dioxide re. 
moval by aération are given, together with constructional data, plan, and 
map.—W. G. Carey. 


Operation of New Rapid Filtration Plant at Breslau. KircHNER. Gas- und 
Wasserfach, 76: 22, 452, June 3, 1933. For 12 years, Breslau supply of mixed 
ground water was filtered through rapid filters having depth of 1.5 meters of 
sand of 1 millimeter size, using pressure air and water washing, and yielded 
72,000 cubic meters (13 million U. 8. gallons) per day. New rapid filters are 
of Sabag type, comprising 10 units 54 square meters in size, having filtration 
speed of 4 meters and capacity of 50,000 cubic meters (9 million U. S. gallons) 
per day. Cost of new plant was 548,000 marks.—W. G. Carey. 


Five Years of Supplementing Ground Water at Curslack. HourHusENn. Gas- 
und Wasserfach, 76: 27, 525-528, July 8, 1933, and 28, 545-552, July 15, 1933. 
Prior to 1928, Hamburg’s water supply was mainly from river Elbe; now 91.66 
per cent of it is artificial ground water, obtained from 272 wells by seepage 
from rivers in Curslack area. Addition of salt to seepage pond showed that 
water took more than two months to reach well 85 meters away. Water is 
superior to treated surface water, bacterial count never being more than 2 
per cc. while B. coli has never been found in 100 cc. Rapid rise in iron, man- 
ganese, chlorine, and hardness occurred in 1930, and in 1931, free and aggres- 
sive carbon dioxide increased, but decreased in 1932.—W. G. Carey. 


Working Experience with a ‘‘Biicher’’ Deacidification Plant. E. Davr. 
Gas- und Wasserfach, 76: 11, 199-203, March 18, 1933. Pforzheim, Germany, 
obtains its supply partly from springs, average mixture of which is soft, has 
pH of 5.6, contains free carbon dioxide, 15, aggressive carbon dioxide, 14.5, 
and dissolved oxygen, 12.2 p.p.m., and is corrosive to iron and concrete. 
Aération followed by deacidification with marble was unsuccessful, so that a 
Bucher plant was installed, in which water is treated with hydrated lime, solu- 
tion of which is hastened by upward current of air and deacidified water. 
Resulting pH of water is 8.2 to 8.6; rust forms, if it is below 8.0. Illustrations 
of plant installed are given, together with details of construction and opera- 
tion. Cost of materials, maintenance, power, light, and wages amount to 
0.36 pfennig and percentage of capital charges to 0.325 pfennig per cubic meter 
of water treated.—W. G. Carey. 


General Synopsis of Water Purification. F.Srepia. Gas- und Wasserfach, 
76: 13, 232-238, April 1, 1933. Author first describes general characteristics 
of slow and rapid filtration. For rapid filters, most suitable size of sand is 
0.5 to 0.7 millimeters, with bed depth of 60 to 70 centimeters, and normal filtra- 
tion rate of 4to 6 meters per day. Cleansing of sand with air is not advocated; 
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with eorrect water washing, cleansing is adequate; air causes channels and air 
pockets. Iron may be removed in one operation, if not excessive, by aérating 
raw water, using an air compressor, and then filtering. Waters with high 
jron content are aérated and given primary filtration through coarse material, 
whereby some 80 per cent of iron is removed. Water containing colloidal 
matter should have chemical treatment as colloids prevent iron hydroxide 
precipitation. Experience of other workers at various works is also given. 
ScHERER says that air-water wash does not cause channels and is beneficial. 
Berlin Waterworks states that air-water washing is advantageous for iron and 
manganese removal.--W, G. Carey. 
‘ 

Modern Corrosion-Proof Pipes. VouLmMar. Gas- und Wasserfach, 76: 
22, 451, June 3, 1933. Pipes with jute and tar covering are not satisfactory, 
owing to brittleness of tar. Use of Armco iron, or of iron containing copper, 
has not been entirely successful. Bituminous coatings applied centrifugally 
give good results. Tests were made with such coatings in Dresden, as regards 
their resistance to strain, their behaviour with corrosive water and soil, and 
effect on them of stray electric currents, and pipes so tested showed no corro- 
sion after several years.—W. G. Carey. 


Conditions of Law in Saxony Regarding Water Supply of Communities. F. 
Meyer. Gas- und Wasserfach, 76: 23, 465-468, June 10, 1933. Author reviews: 
legal aspects of water supply in Saxony, especially withdrawal and use of water 
from streams and privately owned sources. Conditions under which permits : 
are granted are dealt with, together with limitations imposed, and pttetions + 


necessary when lodging complaints against uses of water.—W. G. Carey. bo, : 


Production of Drinking Water by Infiltration and Treatment of Surface 
Water. H. Haupt. Gas- und Wasserfach, 76: 16, 279-283, April 22, 1933. 
Production of bacteria-free, colorless, odorless, tasteless, and potable water _ 
from surface water is discussed; filtration through slow and rapid filters, chem- _ 
ical flocculation, treatment with active carbon, and chlorination are dealt : 
with.—W. @. Carey. 


Corrosion and Protection. U.R. Evans. Chemistry and Industry, 52: 45, 
910-911, November 10, 1933. Corrosion can occur to some extent even when 
pure water containing oxygen acts on metal, but low solubility of most oxides __ 
and hydroxides limits attack. When salts are present and current flows from _ 
one part of metal to another, initial products are usually freely soluble; there- 
fore electro-chemical corrosion is more important than direct oxidation. Cur- — 
rents may be due to local differences, (a) in metal, (b) in film thereon, or (c) 
in water (e.g., oxygen supply may vary in different parts). Anaérobie cor- 
rosion (i.e., in oxygen-free waters) depends largely on low pH value and pres- 
ence of spots of low overpotential from which hydrogen is evolved. Protec- 
tion against corrosion may be based upon: (1) use of resistant materials, 

e.g., alloys of chromium and aluminum which give resistant, self-healing films _ 
(which, however, suffer attack where freshly cut, especially in presence of 


chloride); (2) treatment of water: many waters deposit calcium carbonate - . 
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film; if excess carbon dioxide is present, it should be neutralized by alkalj 
dosage; in absence of calcium, iron remains bright in water treated with sodium 
hydroxide, phosphate, or chromate, and with dosage increased, if chloride jg 
present, for insufficient dosage may then cause intensification of attack, by 
confining corrosion to small areas; (3) metallic layers, including (a) cathodie 
metals, e.g., nickel, or copper, the layers of which must be continuous; (b) 
anodic metals, e.g., zinc, or aluminum, which give sacrificial protection, even 
at gap in coating; (4) paint coats, including (a) those which exclude mechanie. 
ally and must be watertight and (b) those which inhibit corrosion chemically, 
e.g., red-lead paints; in general, class (b) paints are used in bottom coat and 
covered by paints of class (a).—-W. G. Carey. 


Typhoid Fever Occurs in Factory Houses. Health News (N. Y. State Dept. 
of Health), 9: 23, 94, June 6, 1932. Several cases among employees of 2 indus- 
trial concerns were investigated during February. Thirteen of employees’ 
houses were furnished with water pumped direct from creek without treat- 
ment. Upon recommendation of Division of Sanitation, company installed 
temporary chlorination apparatus for disinfection of creek supply and took 
steps to develop satisfactory well supply. Factory and 12 houses in another 
county were supplied from polluted creek, and, over week-ends when mills 
were shut down, without treatment. Recommendations for abandonment 
of creek and development of spring supply were carried out.—G. C. Houser, 


Public Water Supplies of South Dakota. W. W. Towne. South Dakota 
Public Health Bulletin, special no., 1932. Data on source of supply, construe- 
tion features, type of treatment, sanitary defects or possible sources of contam- 
ination, and other pertinent matters, for every public watersupply. Majority 
of municipalities are supplied from deep wells. Of South Dakota’s 300 incor- 
porated municipalities, with total population of 275,966, 183, or 61 per cent, 
embracing 89.6 per cent of the urban population, have public supplies. Re- 
siding in cities or towns in which water receives complete treatment, including 
coagulation and settling, filtration, and chlorination, are 41,638 persons. 
Only 20, or 10.5 per cent, of supplies are chlorinated; but population thus 
served reaches 120,508.—G. C. Houser. 


Typhoid Epidemic at Chamberlain, South Dakota. A. E. Bosrrom, C. A, 
Hunter, and W. W. Towne. South Dakota Public Health Bulletin, special 
no. During December, 1932, this most serious epidemic in history of State 
developed. In population of approximately 1,500, 282 cases and 29 deaths 
were reported. Missouri River water, chlorinated, but otherwise untreated, 
was pumped directly into distribution system. Chlorine dosage was insuf- 
ficient, any residual disappearing rapidly. School, with about 75 residents, 
located just outside city limits, was discharging raw sewage into river about 
0.75 mile up-stream from water intake. As result of epidemic, plans and 
specifications for modern water treatment plant were prepared.—(. C. Houser. 


Niagara River Pollution ‘‘Wave’’ Probably Caused by Release of Impounded 
Sewage. Health News (N. Y. State Dept. of Health), 10: 19, 73, May 8, 1933. 
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Pollution of Niagara River about March 15 by chlorine-consuming substances, 
or waste products, and their effect upon public water supplies were described 
in issue of April 3, 1933. Resultant outbreak of diarrhea had subsided by 
May 8. Investigation indicates that this ‘‘wave’’ of pollution resulted from 
sudden release of sewage and wastes, impounded for days in Buffalo Harbor 
by ice formations.—G@. C. Houser. 


Sanitation Division Aids in Survey of Civilian Conservation Corps Camp 
Sites. Health News (N. Y. State Dept. of Health), 10: 23, 89, June 5, 1933. 
As result of establishment of C. C. C. camps in New York, Division of Sanita- 
tion has, in coéperation with U. S. Army and conservation department, exam- 
ined 18 proposed camp sites. Division is chiefly concerned over possible 
effects such camps might have on public water supplies, many of which are 
derived from surface sources with extensive water-sheds.—G. C. Houser. 


Water Supply Aérated by Ingenious Device: Taste and Odor Disappear. 
Health News (N. Y. State Dept. of Health), 10: 26, 101, June 26, 1933. Water 
of satisfactory sanitary quality, from well at Springville, N. Y., exhibited 
objectionable taste and odor and was found to be practically devoid of dis- 
solved oxygen. A small valve-controlled air-pipe was connected to suction — 
side of deep-well pump, protected against entrance of dust. Ground water 
contained from 0.10 to 0.20 p.p.m. dissolved oxygen: it was found that by 
maintaining 1.9 p.p.m. dissolved oxygen in water leaving pump, tastes or odors — 
no longer occurred.—G. C. Houser. 


Vital Facts about School Sanitation in North Carolina. W. H. Booker. 
Health Bulletin (N. C. State Board of Health), 48: 7, 10 July, 1933. In North 
Carolina, 33 percent of schools have no water supplies; only 30 percent have 
fair to good water; while 37 percent have questionable to dangerously polluted _ a 
water. Relativ ely fewer deaths from typhoid fever occur in pre-school and - 
post-school ages in North Carolina than in rest of United States, but more _ 
during school ages. In interest of economy and efficiency, subordination of — 
school sanitation to one central authority, in coéperation with State Board 
of Health, is advocated.—G. C. Houser. 


Epidemiology. The Commonwealth (Mass. Dept. of Public Health), 20: 
3, 125, July-August-September, 1933. Seven cases of typhoid were traced to 
one water faucet at picnic grounds, found to belong to separate water system, 
derived from river known to be polluted and intended only for flushing toilets __ 
and sprinkling grounds. It had, however, not been labelled as unsafe. Ten eo 
cases of typhoid were traced to bubblers in mill where cross-connection be- | 
tween city supply and emergency supply from grossly polluted river existed. 
A single hinged check valve had become so rusty, that it failed to make a tight 
seal. Numerous cases of gastro-enteritis were traced to privately owned 
supply from watershed severely scoured by heavy storm a few days before, 
where lumbering operations had been permitted.—G. C. Houser. 


Fallacies and Facts about Water and Health. C. W. Kiassen. Illinois © 
Health Messenger, 5: 17, 67, September 1, 1933. No general rule applies to 
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attainable purification in case of water flowing through the ground. In gang 
and gravel, sources of pollution should be at least 100 feet from well. In erey. 
iced limestone, no safe distance is assignable. Self-purification of streams 
does not mean that they become safe to drink. Any surface water should be 
boiled, or sterilized, before being used for drinking or culinary purposes. Fey 
minerals found in natural waters have any effect, beneficial or otherwise, upon 
health. One gallon of milk equals in mineral content a bathtub full of ordj- 
nary Illinois deep-well water.—G. C. Houser. 


Reports on Typhoid Situation. Monthly Bulletin, Indiana Division of 
Public Health, 36: 9, 139, September, 1933. Well recently driven in Greep- 
castle, near blacksmith shop and tool shed, is subject to contamination, not 
only by nearby sewage, but also, through limestone subsoil, by infections from 
unknown distances. Typhoid sufferers had all drunk from this well, which 
has now been condemned and its use prohibited. Analysis of sample of the 
water indicated contamination.—G. C. Houser. 


Report of Bureau of Sanitary Engineering, State Department of Health, 
July 1, 1931—June 30, 1932. RicHarp Messer. Virginia Health Bulletin, 25: 
11, 1, September, 1933. Notwithstanding rainfall deficiency during summer 
and fall of 1931, drought was not nearly so severe as during previous year; yet 
many ground water supplies have felt its effects throughout the past year. 
Another year has passed without any typhoid outbreak attributable to public 
water supply. Virginia has contributed its share to progress in water treat- 
ment. Newport News and Norfolk were among first cities in country to use 
activated carbon for eliminating tastes and odors. Experiences at Norfolk in 
controlling pipe corrosion by means of lime have encouraged others to try this 
method. Richmond has developed new type of mixing device, known as 
‘‘flocculator;’’ also new type of sand washer; and is conducting research stud- 
ies on filter plant design and operation. For over a year, ammonia-chlorine 
treatment has been in use at Danville.—G. C. Houser. 


Big Stream Pollution Study Completed. Illinois Health Messenger, 5: 19, 
74, October 1, 1933. Sanitary engineers of Illinois State Department of Public 
Health recently completed what is believed to be most extensive stream pollu- 
tion survey ever conducted in U.S. Project involved inspection and study of 
700 miles of streams in Cook County, which are now too highly polluted for 
fish life, for safe bathing, or for watering domestic stock. Survey included 
Salt Creek and Calumet, Des Plaines, and North Branch Chicago rivers and 
their tributaries. Recommendations for abatement of existing pollution and 
for prevention of future pollution of North Branch of Chicago River are given 
in full.—G. C. Houser. 


Save by Making the Water Soft and the Work Easier. Ohio Health News, 
9: 19, 4, October 1, 1933. That so few persons realize possibility of attendant 
monetary saving, is probably one reason why, out of 440 Ohio communities 
with public water systems, only 51, or 11.6 per cent, provide softened water. 
Approximately 4,800,000 of Ohio’s population are served with public supplies, 
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but only 17 per cent of these, with softened water. Water in Superior, Wis., is 
naturally soft, while that in Chicago Heights, Ill., is quite hard. Basing 
estimate on soap consumption in Superior, H. W. Reecus figures that — 2 
person in Chicago wastes $3.67 eee of soap in a year, or more than three- : 
eighths of soap purchased.—-G. C. Houser. 


Water Supply Officials Should Know Sanitary Condition of Watersheds. 
Health News (N. Y. State Dept. of Health), 10: 44, 173, October 30, 1933. 
Analysis of sample of water from supply of New York institution indicated 
presence of pollution. Oz watershed of stream from which supply was taken, 
extending over about 3 square miles, were 12 occupied houses and one very 


Investigation of pressure filter indicated that it acted simply as strainer. 
Apparatus for chlorination of supply was ordered and installed immediately. 
G. C. Houser. 


Water Supplies and Sewerage Systems for Municipalities. Minnesota Dept. — 
of Health, Division of Sanitation, 1933. Every well, spring, infiltration gal- 
lery, suction main, reservoir, and filter of any water supply should be located 
not less than 50 feet from any cesspool, privy, sewer, or other possible source 
of pollution. Walls of surface reservoirs not inclosed in buildings should 
extend to height not less than 12 inches above ground surface. Every reser- 
voir, well, elevated tank, standpipe, spring, or other structure, used as sourc = 
of water, or for storage of water, intended for human consumption should be _ 
provided with water-tight cover. Cross-connections are prohibited by regu- 
lation of State Board of Health, to effect that: there shall be no physical con- 
nection between water supply systems that are safe, and those that are unsafe, __ 
for domestic use: there shall be no provision for such connection, or a 
ment by which unsafe water may be discharged, or drawn, into safe water- 
supply system. Any physical connection between a safe, and a questionable, : a 
or unsafe, water supply constitutes such a cross connection, even though cut- | 
off, or check valves intervene. Water supplies should always be disinfected _ 
following new construction, or repair work; neglect of this precaution may be | 
dangerous.—G. C. Houser. 


Southwest Water Works Journal, 15: 10, 19-24, 1934. Making Full Use of 
Theoretical Considerations in Water and Sewage Clarification. Harry E. a 
Scutenz. Excellent summary with complete bibliography. Best efficiencies © 
are obtained with upward flow, shallow depths, and short distance of flow with — 
increased weirage.—0. M. Smith. Ground Water Supply of San Antonio, — 
Texas. W. D. Masterson. Description of the supply, physical properties, 
and policies.—O. M. Smith. Problems of Lawrence, Kansas, Treatment 
Plant. C. T. Hoven. Excess lime with recarbonation displaces alum.— — 
0. M. Smith. Policies as to Delinquent Water Accounts. A. H. DouGuass. 7 
Most outstanding practices are delivery of delinquent notice by hand, dis- 
connection of delinquent prior to consumption of deposit, and rigid enforce- 
ment of reconnect charge. Delinquency is kept at a minimum by monthly 
billing. These conclusions are obtained from reports of municipally owned 
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plants in the southwest.—O. M. Smith. History of the Sedalia, Missouri, 
Water Company. L. P. ANpREws. History since 1871. Method by which 
60 per cent rate increase was secured.—O. M. Smith. Problems in the Dis- 
infection of Distribution Systems. G. R. Futton. Excellent summary of 
common sources of contamination, with discussion of practical preventative 
measures.—O. M. Smith (Courtesy Chem. Abst.). Pitometer Study of a 
Water Distribution System. ALsert R. Davis. Study of distribution sys. 
tem, with well-defined plan for twenty-five years ahead, is one of the most 
progressive steps possible.—O. M. Smith. Water Works as Consideration 
of Insurance Rates. H. J. Cuarx. Discussion of ‘‘Standard Schedule for 
Grading Cities and Towns of the United States with Reference to Their Fire 
Defenses and Physical Conditions’ and of ‘‘Key Rate Schedule”’ of Texas, 
which not only grades the protection, but establishes a base rate.—0O. M. 
Smith. The Musings of a Distribution Superintendent on Reservoirs and 
Their Maintenance. Frank M. Murpuy. Failures and repairs in roof, floor, 
and expansion joints.—0. M. Smith. Developing a Water Supply from Sandy 
Formations. A. G. Coins. Necessity of verifying all questionable data, 
eliminating the guess, and of selecting type of well best suited to the forma- 
tion.—O. M. Smith. 


A Study of the Data on the Flow of Fluids in Pipes. E. Kemier. Hydrau- 
lies: Trans. A. S. M. E., 55: 7, 32, August 31, 1933. ReyNowps in 1883 de- 
veloped equations for dimensional homogeneity and dynamic similarity. 
Work of Stanton and PANNELL in 1914 on flow of fluids through smooth pipes 
was first real advance in application of method of dimensional analysis to 
fluid friction problems which arise in engineering practice. In view of fact 
that but little experimental work previous to that of SranTon and PANNELL 
has been reduced to REYNo.Lps’ dimensional basis, present investigation was 
undertaken and attempt was made to obtain all available data on flow in pipes 
under pressure. Among more important conclusions presented are following. 
(1) Friction factor is independent of fluid flowing for the same values of Rey- 
NOLDs number, R. (2) Friction factor for drawn brass pipe varies only +5 
percent from average value, and is substantially independent of pipe size and 
of fluid for same value of R within range encountered in practice. (3) Friction 
factor for new steel pipe varies with size, and varies about +10 percent from 
average value. (4) In used and artificially roughened pipes, if roughness is 
insufficient to cause contraction and enlargement losses, friction factor never 
exceeds value 0.054. (5) Mean hydraulic radius can be safely used as criterion 
only in turbulent region. (6) Special care should be taken in selection, or 
determination, of diameter.—R. H. Oppermann. 


Investigation of the Flow Conditions in a Centrifugal Pump. K. Fiscuer 
and D. THoma. Hydraulics: Trans. A. S. M. E., 54: 141-155, November 30, 
1932. Recounts investigation recently carried out in laboratory of Technical 
University of Munich, into flow conditions in impeller of centrifugal pump, 
results of which may be summarized briefly as follows. (1) Practically all 
flow conditions for an actual fluid are fundamentally different from those 
theoretically derived for ideal frictionless fluid. (2) Dead-water zones which 
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form on low-pressure sides of blades undoubtedly cause a reduction in angle 
at which fluid leaves blades from actual blade angle. (3) Actual velocity 
distribution along circles concentric with axis of rotation of impeller is not the a 7 
same as the supposed distribution computed on basis that fluid passages are , 
completely filled with active flow. (4) Relative velocity along high-pressure 
side of blade should theoretically approach zero for relatively small reductions 
in the discharge below normal and with fluid passages completely filled with 
active flow. Actually, this velocity is greater than the theoretical value, and 
reverse flow along pressure side of blade does not take place, even at small 
discharges. (5) In addition to (4), it was definitely proved that flow at very 
small discharges is no longer stable. (6) Entrance flow may be assumed to be 
radial for all practical operating conditions. (7) Increase in meridional 
velocity over ordinary computed value alters the shape of the exit triangle 
considerably; which is of special importance in designing the guide-van 
entrance angle.—R. H.Oppermann. 

Hydraulic Jump in Sloping and Horizontal Flumes. R. Euums. Hydraulics: 
Trans. A. S. M. E., 54: 113-121, November 30, 1932. Formulas presented were 
developed on a rational basis in attempt to solve for tail-water depth of 
hydraulic jump, when produced in either sloping, or horizontal, flumes. In- 
creasing angle of flume decreases height of jump, except for low flows and 
exceedingly steep flume slopes. Same conditions of turbulent flow, time of 
impact, flume friction, ete., occur in jumps produced in either type of flume.— 
R. H. Oppermann. 


Water Supply in England. A. Cuoruron. Engineering, 136: 401-404, 
454-457, October 13 and October 27, 1933. First article deals with past and 
present conditions, mainly in industrial areas of Lancashire and Yorkshire, 
and interconnection of large water undertakings is suggested, together with a Ay 
cross-country aqueduct which would ultimately form part of a national grid. 
In south, especially in area around London, new industries are rapidly spring- 
ing up. Large scale extension by Metropolitan Water Board to area with 
radius of 50 miles around London is suggested as being most economical.— 


R. H. Oppermann. 


The Slitting Mill Pumping Station of the South Staffordshire Water Works 
Company. Engineering, 136: 323-25, 349-51, September 22 and September 29, 
1933. Probably best example of coédrdinated water supply from artesian wells 
inEngland. Of 4 stations in all, Slitting Mill only is wholly electrically oper- 
ated. It consists of two sets of variable speed, direct coupled, vertical spindle, 
centrifugal borehole and force pumps of multistage type, working in series. 
Each set is capable of delivering 1,500,000 gallons per 24 hours. Alternating 
current variable-speed communtator motors were selected. Article further 
discusses method and equipment in boring.—R. H. Oppermann. 


tection for Pipe Lines against Soil Corrosion. 8S. THayer. Paper presented 
before International Gas Conference and 15th Annual Convention of American 
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Gas Association, September 25, 1933, at Chicago. Method is based on theory 
that if potential in transmission line can be held sufficiently below than that of 
adjacent soil, pipe will be protected from all corrosive agents. In practical 
application on 18-inch line from Baton Rouge to New Orleans, a distance of 6 
miles, pipe was bonded and rectifying station constructed to change A.C, of 
local power company to D.C. Negative terminal was connected to pipe; 
positive, to ground bed some 600 feet from, and at right angles to, pipe. Ground 
bed consists of 50 pieces of 6-inch cast iron pipe set vertically in the ground, 
their tops connected with heavy copper wire. Bed is treated with copper 
sulphate. Current is forced from bed to pipe line. Length of line that can be 
economically protected varies according to resistance of soil and pipe coating. 
For corrosion testing, cloth saturated with saline solution of potassium ferro- 
cyanide was placed on spot to be tested. If corrosion occurred, cloth turned 
blue. Coupon test was also used. Writer believes that it would not be 
economical to protect electrically a bare line.—R. H. Oppermann. 


Supervisory Control for Pumping Stations. R.C. ALLEN. Electric Journal, 
30: 183-186, May, 1933. Reduction in cost of water pumping is influenced by 
control system selected. There are serveral types of electric motor control 
systems. They include manual, magnetic, and automatic. Author discusses 
these and briefly describes application in new water works station at Erie, 
Pa.—R. H. Oppermann. 


Better Drinking Water For Easton, Pa. A. S. Parx. Compressed Air 
Magazine, 38: 4123-4128, May, 1933. Water taken from Delaware River 
supplies approximately 7500 taps, all customers being metered. Pumping 
installation consists of 3 units at each of 2 pumping stations, each unit with 
capacity of 4,000,000 gallons per day. Present daily consumption ranges as 
low as 2,500,000 gallons. Intake from river is at low level pumping plant, from 
which water is pumped through 30-inch main to 2-part concrete sedimentation 
reservoir of 330,000-gallon capacity. After 2-hour period are added aluminum 
sulphate, lime, and activated carbon, then water enters mixing channel, a 
concrete basin of 80,000-gallon capacity, in which at 4 points revolve vertical 
shafts carrying metal paddles, all driven by 1 five-h.p. motor. It then flows to 
coagulation basin of 500,000 gallons, thence to 8 filters, each of 1,000,000 gallons 
per day. Chlorine is added to filtered water as precautionary measure, before 
_ 30-inch suction line conducts it to pumps which raise it 265 feet to two 600,000- 
gallon reservoirs overlooking city.—R. H. Oppermann. 


City Held Not Liable for Driving Cattle from Water-Shed. Colorado Su- 
preme Court: Phillips v. City of Golden, 14 P. (2d) 1013; decided Sept. 19, 
1932. Cattle which trespassed upon city’s water-shed were driven off. Owner 
of cattle brought action for alleged damage to them. Judgment for city. 
_ Ruling stated in part: ‘‘It was not only the right, but also the duty, of the city 
- to maintain the purity of its water supply for the domestic use of its inhabi- 
E. Noble. 


Comparison of the Enumeration of Bacteria by Means of Solid and Liquid 
- Media. C.T.Burrerrietp. Public Health Reports, 48: 42, 1292, October 20, 
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1933. Under standardized conditions, 50 standard lactose broth tubes each 2 
were inoculated with 0.1, 0.01, and 0.001 cc., respectively, of laboratory sus- oh 


pension of Bact. coli in parallel with 50 standard plain nutrient agar plates, 
each inoculated with 1 cc. of same suspension. Similar planting was made “ye 
with Bact. aérogenes. Seven tests were made with each type. Tube results, 
expressed as Hoskins’ most probable numbers, were compared with corre- ig) ; 
sponding average plate counts. Very excellent agreement obtained between ee ; 
the two method with Bact. coli, but less satisfactory with Bact. aérogenes. ee 
Author concludes that, under conditions of these tests, fermentation and 
plate methods could be interchanged without interfering materially with i 


numerical value of results. Adoption of these comparative test procedures is ae 
suggested, in future studies to determine relative accuracy of variousmedia.— “§ 
R. E. Noble. 


Determination of Fluorides in Natural Waters. J.M.Sancuis. Ind. Eng. 
Chem., Anal. Ed., 6: 2, 134-5, 1934. Interference of sulfate, in determination © —— 
of fluoride by zirconium-alizarin method, is suppressed by usingequal partsof 
3-normal hydrochloric and sulfuric acids instead of hydrochloric acid alone. 
More than the usual amount of indicator must be used, to obtain colors easily _ a 


read.—Selma Gottlieb. 


oy 


Detection and Estimation of Small Amounts of Fluorine. I. M. idee . 
and Maurice E. Stanssy. Ind. Eng. Chem., Anal. Ed., 6: 2, 118-21, 1934. 
Using strongly acid zirconium oxychloride-purpurin solution, 0.003 mg. of — = | 
fluoride can be detected. Solutions 8-normal with hydrochloric acid work x 
best, since fewer substances interfere and color development is better. Distil- . 
lation as silicon tetrafluoride into the reagent suppresses interference of most — _ 
other substances. Preliminary precipitation as calcium fluoride is somewhat — i 
less sensitive, but requires no special apparatus. For quantitative estimation, _ ey 
the strongly acid solution containing purpurin is titrated with an acid zirco- _ 
nium oxychloride solution until color matches that of a cobalt-dichromate — 
standard, the amount of fiuoride being read from an empirically determined 
table. For micro-determination, sample and a standard containing a known 
amount of fluoride are treated with zirconium-purpurin reagent and standard 
fluoride solution is added to sample until the two tubes match. Interference _ 
of various substances such as sulfates, borates, phosphates, oxalates, nitrites, — - 
etc. with these tests and its suppression are discussed.—Selma Gottlieb. _ 


Retention of Dichromate by Glassware. Epwin Lava. Ind. Eng.Chem., 
Anal. Ed., 6: 2, 111-2, 1934. Because of retention by glass, a small residual of 5 a 
dichromate from acid dichromate cleaning solutions diffuses only slowly into - 
the wash water, amounts from a trace to a few gamma being demonstrable in __ 
wash water left in contact with the glass for some time after ordinary rinsing. an 
Boiling out with several successive changes of water, allowing at least 15 7 ; 
minutes for each treatment, seems safest and quickest method of removal. A” 
color test with a,5-diphenylcarbohydrazide is described which is sensitive to — 

0.0001 mg. of dichromate.—Selma Gottlieb. a 


Rapid Centrifugal Estimation of Small Amounts of Sodium. Ear.e R. 
Carey, C. T. Brown and H. T. Price. Ind. Eng. Chem., Anal. Ed., 6: 3, 
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202-5, 1934. Sodium is precipitated by an acidified alcoholic solution of mag. 
nesium uranyl! acetate in a centrifuge tube having a graduated capillary tip. 
Amount of sodium is estimated from volume of precipitate after centrifuga. 
tion. Range is up to 1 mg. of sodium per cubic centimeter. Results on water 
agree with gravimetric, but calcium sulfate above a certain amount interferes, 
because of its precipitation by aleohol.—Selma Gottlieb. 


Determination of Minute Quantities of Sulfide Sulfur. C. E. Lacuety. 
Ind. Eng. Chem., Anal. Ed., 6: 3, 200-1, 1934. Nitrogen is bubbled through 
the boiling acidified solution and, with the evolved gases, passes through a 
paper diaphragm impregnated with lead acetate. The lead sulfide stain jg 
compared with standards. Method is suited for determination of hydrogen 
sulfide in water.—Selma Gottlieb. 


A Photronic Colorimeter and Its Application to the Determination of Fluoride, 
L. V. Witcox. Ind. Eng. Chem., Anal. Ed., 6: 3, 167-9, 1934. Intensity of 
light transmitted through colored test solutions is measured in terms of 
resistance which must be interposed to balance two electrically opposed 
Weston photonic cells. Color is developed by a slight modification of ferric 
acetylacetone method of ArmstronG. Results are considered accurate to 
+0.1 p.p.m. and agree with results by Borurr’s method.—Selma Gottlieb. 


Estimation of Fluorides in Waters. Exias Etvove. Public Health Re- 
ports, 48: 40, 1219, October 6, 1933. Procedure utilizing zirconium-alizarin 
reagent. Results obtained on twenty samples of water from various localities 
are listed.—R. E. Noble. 


Ordinance Prohibiting Sale in City of Ice Manufactured Outside of City, 
Unless Made with Distilled Water, Held Valid. Public Health Reports, 48: 
34, 1045, August 25, 1933. (Texas Commission of Appeals, Sec. B; City of 
El Paso et al. v. Jackson et al., 59 S.W. (2d) 822; decided May 3, 1933.)— 
R. E. Noble. 


NEW BOOKS 


Experimental Studies of Natural Purification in Polluted Waters. VII. 
Dissolved Oxygen in the Presence of Organic Matter, Hypochlorites, and Sul- 
phite Wastes. E. J. Tueriauit. Public Health Reports, 48: 45, 1363, 
November 10, 1933. Ripgat-StewartT permanganate modification of WINK- 
LER’s dissolved oxygen (D.O.) procedure is of doubtful value with stale sewage, 
and has failed with samples high in dextrose or peptone. It is of little value in 
presence of sulphite waste. Points of interest, tables, and procedure for 
determination of D.O. in presence of relatively large amounts of organic 
matter, are presented. Proposed procedure, using hypochlorites, for use in 
presence of sulphite wastes is given: as also, method suitable for chlorinated 
samples. Findings have direct bearing on studies of chlorination as an adjunct 
to sewage treatment.—R. E. Noble. 
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A Study of the Pollution and Natural Purification of the Ohio River. Public ee a 
Health Bulletin 204. May, 1933. Conditions affecting the sanitary condition . > 
of Ohio River between Cincinnati and Louisville, since 1914-1916 survey, have —=s_—s 
resulted from: (1) construction of Dams 38 and 39 and increased elevation 
(8 feet) of Dam 41; and (2) increase in total population on watershed. Studies 
suggest: (1) that, to be significant, changes in dissolved oxygen (D.O.) and 
oxygen demand (O.D.) figures between successive points should be in excess, ; 
respectively, of +10 and +30 percent; (2) that when stream flow is, (a) nS 
50,000 second-feet or more, Cincinnati pollution is not sufficient to affect D.O. r = 4 
significantly; (b) less than 50,000 second-feet, Cincinnati sewage causes in- == 
creases in O.D. and reductions in D.O., becoming of increasing significance as 
stream flow diminishes; (3) that (a) below sources of pollution, low velocities 
permit sedimentation of sewage materials and reduce O.D. misleadingly; 
while (b) immediately following pool conditions, increasing velocities and 
scour may cause previously deposited material to re-enter into suspension and 
misleadingly increase O.D. Comparing 1914-1916 figures with those of 1929- 
1931, it was found: (1) little change was apparent in sanitary conditions: 
(a) 1930 winter D.O. was slightly greater than that of 1914-1916; O.D., one-half 
that of 1914-1916; so that oxygen reserve is at present larger than it used to be: - 
(b) in summer period of 1929-1931, with river and stream flows at minimum, _ 
D.O. was 70 to 80 percent, and O.D. 60 to 70 percent, of those of 1914-1916; 
oxygen reserves being practically the same in both cases; (2) in August 1930, 
with minimum mean monthly flow of 3,360 second-feet, D.O. below Cincinnati : 
was exhausted, probably due to accummulations from previous three months: 
and (3) decreased velocity due to canalization increases settling near sewer 
outlets, resulting in considerable upstream shift in point of critical oxygen 
conditions. Bacteriological comparisons indicate: (1) slight differences in 
pollution at times of unobstructed flow; (2) with all dams operating and low — 
stream flow, bacterial load below Cincinnati during summer 1930 was less than 
that in 1914-1916; (3) winter per capita contribution of 37°C. organisms was 
greater in 1929-30, while of coli-aérogenes, it was less; (4) in summer 1930, with © . 
decreased velocities, per capita contribution of bacteria was less; (5) Cincinnati 
and Louisville waterworks effluents usually conformed to Treasury Depart- 
ment standard; (6) water from Cincinnati and Louisville pollution zones 
could only with difficulty be treated to meet this standard; and (7) canaliza- 
tion, permitting sedimentation and allowing longer times of flow between 
points in which natural purification agencies may operate, appears to have 
decreased bacterial load in river during summer and fall months. Experi- 
ments in 1929-30 indicate: (1) Mean rates of bacterial change with time in 
summer and in winter are similar. (2) In summer, after 30 hours flow below 
pollution zone, 65 percent of 37°C. organisms were surviving: in winter, 50 
percent. Results of 1914-1916, recalculated to show changes downstream 
from pollution zone rather than from point of maximum bacterial concentra- 
tion, indicate: (1) Rate of decrease is less in former case. (2) Fluctuations 
in bacterial content, under comparable channel conditions, were similar to 
those in 1929-30. General conclusions: (1) Of 37°C. organisms, coli-aérogenes 
tend to disappear first. (2) Decreasing river velocities lower bacterial con- 
centration immediately below pollution zone. (3) Factors influencing bac- 
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terial disappearance are: (a) variation of initial concentration; (b) sedimenta- 
tion; (c) organism changes due to long period of flow; (d) differences in type 
due to pool stage; (e) presence of other microscopic organisms or plants, (4) 
Below a given point, bacterial decrease rates are subject to disturbances from 
undetermined causes. Canalization tends to (1) decrease bacterial load, 
(2) shorten the zone of pollution, and (3) move the point of probable nuisanee, 
due to oxygen depletion, from below to within pollution zone, in sewer outlet 
vicinity, where sludge banks form, owing to decreased velocities. Decreased 
bacterial loads are an aid to filtration, but are outweighed by difficulties due to 
lower turbidities and increased plankton. In addition, organic decomposi- 
tion products may concentrate in pools with danger to public health. Gastro- 
enteritis outbreaks occurred along Ohio River during and following low water 
conditions. Canalization tends rather to complicate than to simplify the 
problems of the sanitary engineer. Eight diagrams and 45 tables included. 
R. E. Noble. 


Proceedings, Sixteenth Texas Water Works Short School, Dallas, Texas, 
January 15-17, 1934. 6xQinches. 174 pp. Licensing Water Plant Operators 
and Classification and Rating of Cities. Committee Report. 13-15. Three 
grades of licenses are proposed: C, one year experience, examination in water 
supply protection, satisfactory bacteriological results, potential health 
hazards, water plant operation; B, 3 years experience, examination in well 
construction, pump mechanics, geology and hydraulics of ground waters, water 
biology, chlorination and other disinfection (for well supply operators); in 
water treatment, water chemistry, water biology, pump mechanics, reservoir 
sanitation (for surface supply operators); A, 8 years experience, examination 
in well construction, pump mechanics, and other subjects required of Class B 
_ plus graduation from a training course. Standard Accounting. Committee 
- Report. 15-16. Schedule proposed for development by succeeding commit- 
tees. Standards. Committee Report. 17-19. Proposed for consideration; 
purchase specifications for treatment chemicals, laboratory equipment, 
quality of water, valves and hydrants, drilling water wells, and cross-con- 
nections. Use of Unemployed Labor for Water System Betterment. J. M. 
Howe. 25. Model Specifications for Drilling and Installing a Small 
Town Water Well. H. F. Dawson. 25-28. Codéperation between driller, 
engineer, and geologist in determining location, depth of well, length of 
- casing, and type of pumping equipment produces best results. The State 
Department of Health Program in Relation to Public Water Supplies. Dr. J. 
W. Brown. 28-31. State to establish a rating system for public water sup- 
plies evaluating existing facilities, improvements, and training of personnel. 
Problems in the Disinfection of Municipal Water Distribution Systems. G. R. 
Futton. 31-35. Means of eliminating contamination from surface reser- 
voirs, elevated tanks, pumps, wells, new and old mains, and cross-connections. 
Practical Cross-Connection Program and Elimination in Small Cities. W. N. 
DasuIELuL. 36-37. Variety of apparently innocent arrangements which are 
really potential hazards. Taste and Odor Control in Surface Water Supply. 
G. J. Ronan. 37-38. Experience at Waco, Tex., in removal of woody tastes: 

activated carbon aided slightly, the longer the contact period the better; 
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chlorine was of no value; ammonia of no value in reducing taste, although it 
did permit the use of higher chlorine doses; splash aération was of slight value. 
Efficient spray type aération would probably be of real value. Recent Devel- 
opment in Water Supply Coagulation and Filtration. L.O. BRENHAGEN. 38-40. 
Mechanical mixers, inspirator mixers, and prechlorination are useful in prepar- 
ing water for filtration. | Model Watershed Control Regulations. W.F. Hicks. 
41-43. Watershed near point of collection for public supply should be pa- 
trolled day and night; other areas, less frequently. Requirements of State 
Fire Insurance Commission for Securing Minimum Key Rate. Gro. Haw .ey. 
43-47. Deficiency of public water supply is evaluated on the items of available 
supply, pumping equipment, metered service connections, elevated storage, 
distribution system, and fire hydrants. Meter Repairing. Morris Hoenia. 
47-50. Prompt and thorough repair of meters repays in increased income. 
Reservoir Construction and Maintenance. F.M.Murpuy. 50-53. Observa- 
tions on the structural design of floor slabs, roofs, expansion joints, and ven- 
tilation, from experience with 7 reservoirs of the E] Paso water system. In- 
stallation and Maintenance of House Service Connections. A. R. Davis. 
54-57. Accuracy of service meters should comply with A. W. W. A. specifica- 
tions at rate of one gallon per minute. Summary of Recent Committee Recom- 
mendations on Filter Sand, Filter Wash Rate, and Filter Underdrain Systems. 
Jorn Dipincer. 58-69. Fine sand encourages formation of dense hard mat on 
filter surface, which, on being broken up by washing, settles back into the bed to 
form mud deposits. Coarse sand permits the floc to penetrate the bed without 
compacting, and therefore to be more easily removed. High velocity washing 
is desirable, but its use must be considered in light of higher costs of piping, 
tanks and troughs necessary to provide for it. Filter underdrain type and 
washing rate are dependent on the sand size. Design and Construction of 
Small Town Water Plant Aérator. C. J. Buum. 69-74. Description of coke 
tray aérator for 400 g.p.m., successful in reducing iron and eliminating tastes 
and odors. Discussion cites several examples of aération. Selection of 
Proper Pumping Equipment for Small Town Water Works. C. E. TwreEp te. 
74-84. Equipment should be carefully chosen as to capacity, type of pump, 
type of drive, and auxiliary equipment. Water Sample Collection from the 
Inspector’s Viewpoint. W. E. Roperts. 84-86. Iced samples yield better 
results than un-iced samples when not immediately analyzed. Direct plating 
of samples at remote points of collection where icing facilities are not available, 
is practicable. For samples containing excess chlorine, bottles treated with 
sodium thiosulphate give better results than ordinary sterile bottles. Small 
Town Sewage Disposal Plant. E. F. Mites. 87. The Construction and 
Operation of a Dunbar Type Filter. S.M.Fieups. 87-90. The Use of Ferric 
Chloride in Sewage Treatment. W. A. Simmons. 90-93. Application of 
Oxidation Principles to Small Town Sewage Disposal Plants. C. C. Hays. 
93-98. The Uses of Aluminum in Sewage Disposal Plants. R.C. WILson. 
99-102. Public Relations: Intangible Asset or Liability. J.J.Murry. 103- 
108. Duties of the Manager of the Small City. E.W.Sreev. 108-112. Some 
Lessons We Can Learn from the Depression. J. N. Epy. 112-114. Con- 
Stitution of the Southwest Water Works Association. 115-121. Texas Water 
Works Superintendents. 121-129. Lists of C. W. A. and P. W. A. Projects 
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in Texas. 130-140. Water and Sewerage Systems, Abattoirs, Swimming 
Pools, and Tourist Camps in Texas. 141-168—R. L. McNamee. 
_ Correction. Vol. 26, No. 10, p. 1564, October, 1934. Instead of lagt 
sentence of third abstract on this page read the following: ‘‘If yellow pre. 
cipitate is produced at once, phosphate content is too high (> 30 p.p.m.); but 
if only after standing for one or two minutes, then phosphate content is correct 
for boiler purposes. Yellow coloration of the clear liquid may be disregarded, 
as it might be caused by silica in absence of phosphate.” Cf. Vom Wasser 
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